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FOREWORD

Night and continuous operations place new and unique demands on
orerating personnel. Effective doctrine and tactics cannot be formu-
lated unless human capabilities and limitations in this environment are
understood and accommodated through equipment aids, rew operating pro-
cedures, and special training, as well as revised manning and rotation
cycles.

The most recent product of APL recearch on Human Performance in
Cont inuous Operations corsiscts of three volumes. This document, Volume
I11, Technical Supplement, depicts the technical aspects of the develop-
ment znd background data for the information contained in Volumes I and
II, ani describes the methods fcor predicting performance degredation.
Volume 1 presents Guidelines to the military user on a2xXpected human per-
formance capabilities duringz continuous combat. Volume II provides a
Management Guide on how to minimize expected performance decrements dur-
ing continuous operations. Together they update and replace ARI Research
Product 79-8, "Human Performance in Continuous Operations Guidelines™,
and Technical Report 386, which provided background data. The three vol-
umes provide a body of eeneral and Lighly specific information about the
soldier's tasks on which degraded performance can be anticipated during
continucus operations. Such information will be useful to tactical
planners, trainine specialists, and design en~incers.

The research was conducted under Contract DAHC 19-77-C-0054, as part
of Armv Proiect 20163743A774, Man-Machine Intsrface in Integrated Battle-
field Control Svstems, FY 1978 Work Program. The research was supported
bv CACDA/CATRADA at Fort Leavenworth, Kansas, which was the TRADOC sponsor.
Special thanks are due to Colonzi Robert N. Morrison, Major Michael C.

Jones, and Major Robert O. Livingston for their recommendations and cooper-—
ation.
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PREFACE

This volume is the third of a series dealing with human performance
in continuous operations. The present volume supplements two companion
volumes Guidelines - Human Performance in Continuous Operations and Hu-
man Resources Management Guide, and documents the technical procedures
used tc analyze adverse effects and to project diminished human performance
capabilities during continuous operations. Volume I of the set, the Guidelines,
presents the known effects of variables associated with continuous operations

on the performance of the critical mililary tasks of:

® mechanized infantry personnel
® FIST personnel
® fank crews

® artillery battery personnel

It presents and projects probable performance effectiveness at the squad, pla-
toon, and company level and indicates the effects of task restructuring on such
effectiveness.

Volume 1l of the series describes a set of managementactions that can
be taken prior to the continuous operations sc that performance willbe maximal
and so that performance effectiveness will be sustained, It delineates the hu-
man resourccs management issues in anticipation of and during continuous op-
erations. It alsooutlines the management actions designed {0 maximize human
resources and to conserve them thereafrer,

The present volume (Volume 11I of the set):

® depicts the technical aspects of the development
of the companion volumes

® updates a prior survey of the literaiure concern-
ing tiue effects of continucus operations on military

>

performance
® describes the methods for deriving "critical tasks ﬁ%
. . . - ==
included in Volume I =
==
® describes the details of the mathematical proce- %
dures employed in Volume 1 to calculate and com- =
S

pound projected performance effectiveness

® describes the details of a computer simulation
model, which incorporates human effects, for
ssimulating haman performance in continuous op-
erations
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Accerdingly, the present volume provides the technical backdrop for
Volumes I and 1I. Each volume is written so as to stand alone. However, in
sorme cases, reference is made to earlier volumes. This procedure avoids

unnecessary duplication and is not believed to detract from expositional clar-
ity or continuity. :
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CHAPTER 1

FIELD STUDIES PERTAINING TO ,
HUMAN PERFORMANCE IN CONTINUOUS OPERATIONS

The need for the present work stems from: (1) the current political
climate, (2) recent Soviet military activity, and, most fundamentally, (3)e-
volving military tactical doctrine,

A number of current Army field manuals contain information about
fighting and/or conducting operations at night. Whole manuals have been de-
voted to fighting at night, Some of these were written years ago. The early
conception of night operations, however, was guite distinct from continuous
operations as they are presently understood. As an example, an early man-
ual titled Night Operations for Infantry (Dawkins, 1914) coaceives of night
operations as an occasional surprise attack, movement of troops to a posi~
tion for an attack at dawn, or operations of sabotage or reconnaisance. More
recent thinking is found in such documents as the U.S. Army Cominand and
General Staff College Special Biblivgraphy on Night Operations (1976), the
Army Research Institute research memorandum on night operations (Weitz-
man, 1977), and the U.S. Army Combined Arms Center Concept Paper on
Night Operations (1975).

The major impediment to night operations bas been darkness. Most
of man's visual information accessing ability is limited to information con-
tained in the medium of reflected light. The development of sophisticated
devices which serve as substitutes for or enhancers of man's visual informa-
tion accessing ability have dramatically increased the capacity for night op-
erations. These include such devices as: field radar, night vision scopes
and goggles, aud thermal imagery devices.

Once the major impediments to night operations, i.e., the ability to
access necessary information, was removed, a new dimension was added to
combat tactics. The possibility of conducting operations at night signaled the
potential for uninterrupted battle. However, uninterrupted battle is a con-
cept associated with its own set of problems. If a battle can be waged at
night, it can be waged continuously. But constraints on equipment and men
limit the length of a battle.

The Soviets (Betit, 1975) have given serious thought to these constraints
and claim to have made strides to compensate for them (Emanski, 1977). The
human problems associated with continuous operations were directly addressed
earlier by various groups at a conference held at Texas Technical University
(Hodge, 1972) and by other University based scientists (Morgan, et al., 1977).
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One result of the interest in continuous operations has been the need
to learn the implications of such operations for the soldier. If one sets the
battle performed by fresh, seasoned troops under ideal, daylight conditions
as the standard, one can measure the implications of continuous operations
as deviations from that standard. Not surprisingly, nearly all of the devia-
tions from the standard seem to be related to limitations on human perform-
ance, particularly sleeploss (Opstad, Ekanger, Nummestad, & Rabbe, 1978).

There is then a need to locate and assess the accumulated scientific
literature for information bearing upon these issues. The assessment re-
quired a good deal of judgment, because the applicability of laboratory stud-
ies to military reality cannot be taken for granted. Chapanis (1967) summa-
rized the faults found in studies as they deal with attempts to apply laboratory
results to real-life situations: (a) only a few independent variables are se-
lected so that many important interactions may be excluded, (b) the character
of the variables is often changed inside the laboratory, (c) experimental con-
ditions are so well controlled that significant differences found in the labora-
tory are later found to be of no practical importance inthefield, (d) the meth-
ods used to present variables are unrealistic, and (e) criteria are chosen for
convenience rather than relevance. He concluded that ''one should generalize
with extreme caution from the results of laboratory experiments to the solu-
tion of practical problems."

The literature summarized in the next section is based on military
field surveys and observations rather than on laboratory studies. It consti-
tutes an extension and continuation of a prior literature survey (Pfeiffer,
Siegel, Taylor, and Shuler, 1978),

Ifield Studies of Continuous Infantry Operations

Recently,a British army research organization completed a field study
of the effect of continuous operations on the performance of the infantryman
(Haslam, et al., 1977). The study was based on a nine day tactical defensive
exercise to compare the performance of three platoons of infantry scheduled
respectively for 0 hours, 1.5 hours, and 3.0 hours sleep every 24hours, While
the exercise was carried out in England during the summer, the weather was,
for the most part, cold, wet, and windy. On the fourth day, a heavy rain fell.
Even small amounts of sleep proved beneficial. Experienced military observ-
ers judged that the physical tasks were carried out at an acceptable level by
the platoon with 0 hours of sleep over three days, by the platoon with 1,5 hours
of sleep over six days, and by the platoon with 3.0 hours of sleep over nine
days. On the other hand, performance of most cognitive and vigilance tasks
deteriorated from the very first day of sleep loss.
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Physical Performance

In the British study, well learned and mainly physical tasks did not
deteriorate with sleeploss. While acutely sleep deprived soldiers were able
to maintain their speed of march across country, the platoon leader experi-
enced map reading difficulty. Fine psychomotor performance, such as strip-
ping and assembling a rifle, showed high variability. The easier task of filling
the magazine was nut adversely affected while aspects requiring more preci-
sion were adversely affected. Apparently, well learned, routine, noncom-
plex tasks were extremely resistant to sleep loss.

Leader ship

The British study found that tired soldiers, rather than becoming ag-
gressive, became docile. Morale and camaraderie remained high through-
out the period. Platoon and squad leaders reported they had more success
with their men when a relaxed style of leadership was adopted.

Cognitive Performance

A b A

Cognitive tasks most severely affected by sleep loss wzre those which in-
volved encoding/decoding, logical reasoning, accurate perception, and concen-
tration. Mental tasks least affected were those involving short term memory.
It was thought that a proper level of morale and motivation can counteract the
degradation of cognitive tasks due to sleep loss.

il

i
I

i

IField Studies of Sustained High Rates of Artillery Fire

Recently a survey was completed for the U.S. Commander, V Corps .
Artillery, by Manning (1978). Manning collected informaticn which bears on
the following three questions:

i
i

A

® Can artillery crew members withstand physical
stresses involved with handling large guantities
of ammuniuon and firing at a high rate over a
prolonged period?

S B

® What is the psychological impact of firing at a
' high rate for prolongedpenjods?

® What leadership traits may Be indicated as es-
sential in accomplishing suchia mission?

On the basis of observations, interviewi‘s\, and )iterature reviews, Man-
ning estimated that 36 hours of continuous perfor ce is a reasonable guess
at the endurance of a typical corps level cannon battalion under conditions of
high intensity combat. He pointed out, however, that serious and potentially

3
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aitce to 60 or even 72 hours:

® Sleep for leaders is by far the most critical of
these, due to the high sensitivity of decision
making and other cognitive tasks to fatigue, At
present, this fact is simply unacceptable to the
vast majority of leaders at battalion and lower
levels, at least with regard to themselves.

® Cross-training is essential at all levels, com-
mand included, if any kind of shift work is go-
ing to be possible (and significant reinforce-
ments from CONUS will certainly not arrive
fast enough to avoid shift work), or if the unit
is going to survive the inevitable losses of key
personnel.

® Unit cohesion, the extent to which the men of
the unit see themselves as a unit or team in
which teammates can't let a buddy down, was
a crucial determinant of endurance in World
War II. It should still hold true.

® Worries about dependents’' care will play a
large role in staying power, if we may gener-
alize from the Israelis' '"combat reaction' cas-
ualities of 1973. As a working hypothesis re-
lating sleep of leaders, unit cohesion, and con-
cern about dependents, to continuous operations,
it is likely that endurance is an inverse function
of the number of competing loyalties experienced’
by an individual in time of siress.

® Nuclear and chemical warfare will not only di-
rectly influence survival, but by engendering
feelings of helplessness and hindering commu-
aication, it will also have a significiant role on
soldiers' will to continue.

Field Studies of Fire Direction Center Teams

Manning (1978) also reported quasi-experimental observations of Fire
Direction Center (FDC) teams from the U.S. 82nd Airborne Division. These
volunteers were all five man teams who operated without the assistance of
FADAC. All teams carried out an artillery combat scenario in support of
light infantry. Factors simulated included dynamic communication over ra-
dio and telephone nets, appropriate sound effects, realistic terrain problems,

fatal dericiencies are likely after only 24 hours. Manning pointed out that sev-
eral potentially controllable factors exist which might extend reliable perform-
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and the physical arrangements of an operational environment approximating
field conditions. Two teams were informed that they would be expected to
perform continuously for 86 hours, One of these teams withdrew after 46
hours hecause of exhaustion and the other after 48 heours because it be-
lieved itself to be performing inadequately. Two other teams were required
to perform for a shorter period in a combat scenario. Thesetwo latterteams
performed for 38 hours continuously, rested for 34 hours, and then were re-~

quired to perform for 38 hours more. Both of these teams completed their
scenarios.

From extensive psychological and physical observations during the
simulation and recovery periods, conclusions reached by Manning were:

® As time ontask increased, there was evidence of
increasing errors and slowing of output on some
tasks. The practical implication of these findings
in determining overall effectiveness-requires more
analysis.

¢ FDC members judged the teams' performance to be
ineffective at a time substantially prior to any ob-
servations of actual combat ineffectiveness. Al-
though overall team performance levels were at
or above ARTEP standards, irdividual errors and
some firing errors led the teams to evaluate their
performance as deteriorating. Adverse self eval-
uation was a factor in declining morale.

® While performance on standard firing missions
was maintained, times to deliver preplanned tar-
get information to the battery increased.

® Preplanning decreased as teams strove t0 meet
immediate fire demands, or used lull periods to
rest. Accompanying this was a failure to main-
tain appropriate target priority. Teams with less:
experience and longer times on task had the great-
est problems in this regard.

® Observed performance difficulties were greatest
during multiple fire missions. Firing tinues length-
ened and some missions were unitentionally o-
mitted,

® Despite the lack of physical exertion, teams re-
ported increased physical fatigue. This was partic-
ularly marked during the early morning hours.
Adverse self evaluationof performancealso tended
to occur at this time.
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® T2ams reported increased loudness of verbaliza-
tion, confusiou, and difficulty in communication
after prolonged work periods. These problems
seemed aitributable to frequent lapses in atten-
tion, difficulty with short term memory, and in-
creased difficulty in accomplishing more than one
task atatime. These effects whichincreased ai-
ter the missing of one night of sleep appeared to
be secondary to sleep deprivation.

® After extended periods of performance, some team
members reported difficulty in focusing their eyes.
This was manifested as blurred vision and misi-
dentification of targets on the chart., Other visual
performance data were not collected in these pre-
liminary studies.

Field Studies of Continuous Tank Operations

To simulatz a combat situation, Ainsworth and Bishop (1971) designed
a 12 hour tactical problem utilizing a specially constructed 35.7 mile long prob-
lem course for tanks. The problem included offensive, defensive, and retro-
grade movements, Performance tests were conducted at specified points a~
long the course ‘or basic tank crew activitizs: communication, driving, sur-
veillance, gunnery, and maintenance.

An experimental group of 20 tank crews was required to complete the
12 hour course four consecutive times for a total of 48 hours of activity with-
out sleep. A control group of 10 tank crews also repeated the course four
times but were given a 24 hour rest period between each 12 hour work period.
Both time and performance accuracy scores were obtained in most of the per-
formance tests, The effects of the continuous activity were determined by
comparing the trends of the scores for thetwo groups during the course of the
experiment, as well as by comparing their performance scores.

In comparison with the control group, the experimental group exhibited
little performance decrement in the communication, gunnery, and maintenance
exercises and in two of the driving exercises. The performance of the experi-
mental group was significantly worse than that of the control group only in mov-
ing surveillance and in two of the driving exercises. Duf"2rences between the
groups in the performance of these as well as the other exercises were small,
however. Onuly minor and usually insignificant differences were found between
the scores obtained during the day and those obtained during the night periods.

The major coaclusions of Ainsworth and Bishop were:

® Activities that demand a protracted high level of
alertuess or require complex perceptual-motor
activity, such as the moving surveillance and
some driving tasks, are the most sensitive to
the adverse eifects of loss of sleep,
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® Under field conditions, tank crews are able to
perform present day communication, driving,
surveillance, gunnery, and maintenauce tasks
without serious performance decrements dur-
ing a 48 hour period without sleep.

® Under field conditions, performance at night is
not significantly affected by the diurnal rhytkins
of the subjects (but may be affected by reduced
visibility).

¢ The results of this investigation do not indicate
that changes in unit organization or tactical doc-
trine are necessary to accomplish continuous
tank operations for periods up to 48 hours.

Summary of Effects of Sleep Loss

Woodward aud Nelson (1974) provided a comprehensive, military ori-
ented review of the literature on the effects of sleep loss, work-rest sched-
ules, and recovery on performance. Most of their summary statements on
the effects of sleep loss and recovery are provided below. Each statement
is a paraphrase of a finding in an original, documented study:

® The effect of sleep loss on performance varies
widely from essentially no effect to an almost
complete breakdown in performance.

¢ Within broad limits, the crucial variable in pre-
dicting whether sleep loss will have an effect on
periormance is the factor of interest. Interest-
ing tasks involving relatively simple motor skills
appear resistant to the effects of sleep loss for
periods of as much as 60 hours.

® Performance on routine, monotonous tasks tends
", show rapid and severe decrement after peri-
ods of more than 24 hours without sleep.

® Increasing task complexity or task difficulty,
without a concurrent increase in interest, will
result in greater performance decrement after
sleep loss.

® Newly learned skills, or skills that are not well
practiced, are more aifected by sleep loss than
skills that have become automatic or "second
nature."
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® Sleep loss of 24 hours or more impairs the ac-
quisition and immediate recall of newly learned
material (facts of discrete nature), but has lit-
tle effect on recall of such material previously
learned.

After a sleep loss of 24 hours or more, it takes
more time to learn relatively simple concepts.
There is no significant impairment in quality of
concept attainment. Both speed of learning and
quality of concept attainment would probably be
affected if a long chain of reasoning and memory
of complex decision chains were involved.

As sleep loss progresses, brief intermittent
lapses in perceptual performance increase in
both frequency and duration.

Performance on self paced tasks generally shows
little loss in accuracy, but responses tend to be
slower after sleep loss.

High workload situations are more affected by
sleep loss than are low workload situadtions; in
general, as the time available for making re-
sponses increases, the task becomes less sensi-
tive to sleep loss effects.

Chronic sleep loss will lead to performance im-
pairment and mood change if the sleep loss is of
sufficiently long duration and the total time peri-
od suificiently prclonged (e.g., the chronic sleep
loss represented by a reduction by 50 percent in
one's normal number of hours asleep per 24 hour
period for seven consecutive days or more).

Sleep loss consistently produces impairment of
vigilance performance; the major effect is an in-
crease in missed signals or errors of omission.

Communications tasks are differentially affected
by sleep loss. Typically, the time required for
sending information increases with sleep loss, as
does the number of errors, although the errors
generally are corrected. In receiving informa-
tion, however, errors of omissior (of missing
part of the message) increase significantly with
sleep loss.

Tasks that involve varied physical activities are
usually more resistant to performance decrement
during continuous work periods of 36 to 48 hours
without sleep than are relatively sedentary tasks
primarily requiring mental activity.
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As sleep loss increases, performance becomes
more uneven, with periodic lapses in éfficiency
being more characteristic than a continuous de-~
pression of performarnce.

During a work period beginring between 0890~
1200, major performance decrements first
appear after approximately 18 hours of contin-
uous work.

Invesiigations of sleep loss effects have shown
that the poorest performance frequently occurs
between 0200-0600 hours, which corresponds
to the low segment in the typical circadian
rhythm.

Typically, performance impairment during con-
unuous work tends to increase as a function of
the number of hours spent awake, but is subject
to a superimposed variation from the influence
of circadian rhythms.

Average performance decrements as great as
40 percent below baseline levels can be expecied
toward the end of a 48 hour period of continuous
work with no sleep, breaks, or catnaps.

The wide individual differences in performance
induced by sleep loss are rot rclated to stand-
ard measures of personality or intelligence.

Sleep loss has a negative effect on anindividual's
mood or disposition, as evidenced by subjective
reports of increased hostility, irritability, de-
pression, fatigue, etc.

Breaks in a task appear to delay the occurrence
of sleep induced lapses until later stages of the
work period.

The performance effects of sleep loss are usu-
ally accentuated as time on task increases and
rest periods or breaks in routine are not per-
mitted. Almosfany interruption of the task helps
to return performance to the initial level, but
performance tends to decline quickly if the task
is immediately returned to after the break.

Lapses resulting from sleep loss are strongly
affected by task monotony; the more monot-
onous tasks seem to be related to more frequent
lapses.
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® Sleep loss consistently produces an increase in
average reaction time.

In work sitaalions with several tasks that are
differentially weighted in importance, the oper-
ator will attempt to maintain his performance
on the primary or most important task at the
expense of poorer performance on less impor-
tant or secondary tasks. This is especially true
if the operator is at or near his performance
load capability. ’

The effects of acute sleep loss on performance
will be noted sooner and will tend to be more
severe than the effects of chronic sleep loss of
equivalent duration.

To minimize the performance impairment re-
sulting from sleep loss, the task should be
structured to permit periods of relaxation of
performance and opportunitiesto recover from
or compensate for the perceptual lapses that
can be expected to occur.

The 12 hour period preceding a prolonged work
or sleep loss period should be kept as free of
duties as possible and, ideally, should be spent
in sleep to minimize performance decrements
during the later sleep loss period.

After 36 to 48 hours of continuous work without
sleep, six hours of sleep (or less) is inadequate
to return performance to normal levels.

Recovery of performance from acute sieep loss
of up to 48 hours generally is complete after 12
hours of sleep/rest, although subjective fatigue
is reported until after the third full night of sleep.

Sleep loss ot 72 to 96 hours will require more
than one recovery night of sleep before perform-
ance recovery is complete.

If a period of 36 to 48 hours of continuous work
is imposed on a normal load of eight hours per
day, 12 hours of rest appears sufficient for per-
formance recovery. Ifthe same period is imposed
on a work load of 12 to 16 hours a day, it may
take as much as 24 hours of rest of performance
to rzcover.




After enduring a stressful period of sleep loss
and having gone to sleep, men should not be a-
wakened for duty until they have obtained ade- .
quate sleep, unless one is prepared o accept T
very low performance efficiency in their work. ’ i

¢ The performance of individuals just after being T
awakened from a normal night of sleep typical- .

1.

Iy will be below normal for at least 15 minutes. %
® The absolute amount of sleep, rather than a =
particular electroencephalographically defined =
stage of sleep, determines performance recov- =
ery. %

® Task rotation among cross trained crewmem-
bers will reduce performance deterioration, es-
pecially for relatively routine, boring tasks.
Complex tasks involving decision making will
benefit least from crew rotation unless the men

e

= are well practiced and expert in shifting funec- : " E |
- : tions. ) E
® Stimulant drugs will alleviate some of the per- ’ %

formance degrading effects of sleep loss. %?;

eS|

® Mild physical activity, such as walking around, =

frequently will alleviate sleep loss effects tem- f%;

‘arily. =

porarily 4 §
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CHAPTER 1I

TASK ANALYSIS AND WEIGHTING

The present chapter deals with task identification, task utility {impor-
tance) derivation, and aggregation of criticality values for the tasks included
in the companion Guidelines.

Task Listing

In any analysis of human performance it is necessary to specify the .
activities involved in the performance as well as who performs each activity.
An initial step is to develop an inventory of tasks performed by varioas duty
positions and to list them. Such a list was derived from a scenario describing
an activedefense againsta breakthrough attack by threat forces in a mid Euro-
pean region. The scenario and the task lists are contained in the companion
Guidelines (Chapters I and 1I}. The scenario also identifies the conditions un-
‘der which the tasks are assumed to be performed in the present analysis:

{(a) a representative mid European summer environ-
mnent with day-night temperatures between 50 ana
90" F

(b) conflict emphasizing combined arms team opera-
tions

{c) continuous day-nighi battle extending over a pe-
riod of five days

{(d)} periods of rain and limited visibility

{e) initial adversary manpower superiority of six to
one

{f} nuclear capability on both sides and a reluctance
on both sides to use this capability

(g} own forces are faced with conduct of an active de-
fense after reducing the manpower superiority to
a manageable three to cne ratio with conventional
weaporns.

Each task, derived on the basis of the task analysis, was included in
a decision theoretic type of analysis to derive the most important tasks for the
active defense, These most tmportant tasks formed the basis for the compan-
ion Guidelines.
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Task List Assembly

Four types of uniis represented the concept of the combined arms
feam- mechanized infaniry. FIST, tank crews, and a direct support ar{fi:
ery battery's gun crews. The task list assembly involved the foliuwing ma-
]0!‘ sieps: 3

o

® Selection of source materials. Source ma-

=

i

terials consulted during the preparation phase - :

included: FM 7-7, TC 7-1, FM 71-1, FM =
71-2, FM 6-10, FM 6-50, FM 6-12 B 1/2, . ) - 1=
ARTEP 6-105, ARTEP 6-165, TC 6-20-10, : S8 |
FAI 17-12, TC 7-3-1, ARTEP 17-35, FM™ =
100-5, The Military Ozcupational Data Bank, =

and a variety of military journals, particu-

iarly for FIST. . =

- =

® Development of Preliminary Inventory. In- - . %

itially, a large pool of task statements was iy |

organized into duty groupings. The analyst =

than consolidated the statements, eliminated - =

duplications, and composed a single list of ’ ) _;%,;

siatemerts for each position within each anit =

type. =

® Review of Inventorv. The preliminary task . - :%

1 then reviewed by ite technical mili- =

= . 7isov to the program. !Ie added any =

E tasks im;}e:’iaaf_ tc the scenario that had been R E-

§ . omiited and indicated whether any iisted fasks - §
= ; should be consolidated, broket down further,
% - : or eliminated. He also Gz.cg »d whether each
= - task Ezazemen;, as given, was clear in mean-

: ing or whether it should be rewerded.

PR

& Preparation of Final Inventor

,»‘ q,,-
.

Iyst then reviewed the su 1ZEES ions of the mili-
tary technical advisor am derived four final
& lisis ihat rock advaniage of all suggestions.
inal lisis distribuled tasksacross unfis
nanized Infaniry 2583 tasks
- {Tanks) 2318 tasks
188 iasks
Artillery 137 tasks

14
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For purposes of identifying the most critical tasks, each list was sub-
jected to four multiattribute utility analyses. These four analyses involved:
(1) an analysis relative to the utility of each task for achieving the overall ac~-
tive defense goals, and (2) an analysis relative to the utility of each task for
achieving ea.h of three sets of specific platoon action goals within the over-
all scenario. The results of the four analyses were combined to yield a final
list of tasks for each of the four types of unit.

Multiattribute Utility Analyses

While the multiattribute utility analytic technique has been called MAUT
(Edwards, Guttentag, & Snapper, 1975), the same analytic method was called
the simple multiattribute rating technique (SMART) by Gardiner and Edwards
(1975). Both SMART and MAUT transformwhat the decision maker knows into
numerical values that are consistent and meaningfu! in the context of anadditive
utility model. Edward's technique, as employed here, is designed to provide
a measure of the utility of each task for achieving goals. Two independent
stages of measurement are involved. When the results of thesetwo stagesare
combined, the criticality (utility) of each task i1s acquired.

~Importance of Mission Goals

The first step in the task utility derivation, as applied here, involved:
(1) deriving the utility of ~ach task relative o the general mission goals, and
(2) werghting the general mission goals in terms of their relative importance.

To identify general mission goals, a variety of Army field manuals
was consulted. Review of these manuals produced seven goals. These are
iisted along with the importance weighting of each goal in Table 2. 1. This

weighting was accomplished by the program's technical consultant on muli-
tary matters.

Table 2.1

Importance of General Mission Goals by
Unit Type Engaged in an Active Defense

Unit Type
Goal Mechanized Armor
Infantry (Tanks) FIST Artillery

Maintaining tactical and strategic

objectives .25 .10 .25 .11
Preserving forces, facilities, etc, .21 .21 .21 .18
Controlling essential terrain .18 .07 .14 .04
Maintaining ability to move forces .14 .19 .04 .07
Wearing down enemy forces .11 .26 .18 .25
IForcing the cnemy to mass .07 .05 11 .21
Gaining wume advantage .04 .12 .07 .14

Zwy = 1. 00 1.00 .00 1.00




To obtain the goal weights, the goals were first rank ordered by the
program's technical military consultant. Then, therank order of each goal
was converted to a value on a scale which ranged from zero to one. Note
that the weights for each goal shown in Table 2.1 sum to 1,00 for each type
of unit,

The key to the successful application of utility theory lies in the proper
scaling of the mission goals. Fortunately, the scaling was somewhat simplified
in the present case, because only a conversion froman ordinal to a ratio scale
was involved., The most important general mission goal (maintaining tactical
and strategic objectives) was assigned a value of seven and the least impo1 tuui
goal was assigned a value of one. After all dimensions had been ordered, the
sum of the ordinal numbers assigned to all seven was obtained and each was
divided by this sum. In this way, ordinal scale values were converted into pro-
portions of total importance contributed by each of the seven mission goals.
However, since the final decisions based on this MAUT analysis required no-
thing better than an ordinal scale, the conversion from an ordinal scale to a
ratio scale was really a matter of convenience.

Weighting Tasks on Mission Goals

The second stage of Edwards' measurement technique involves deter-
mination of the contribution of each task to mission success. This measure-
ment wss accomplished for the general mission goals by the program's tech-
nical military consultant who estimated the contribution of each task to the ac-
complishment of each general mission goal. Table 2.2 provides the question-
nalre instructions which were employed for the mechanized infaniry. The ques-
tionnaire format and content were the same for each type of unit: mechanized
infantry, armor (tanks), FIST, and artillery.

16




Table 2.2
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Questionnaire Instructions for ldentifying Task Importance

e it

structions

Your task is to determine how important each of a set of tasks is to
achieving each of a set of mission goals. Please remember that all of your
3 . judgments are military judgments. The goals presented are general mission
- . goals involved 1n active defense and the tasks include those of the vehicle
driver, carrier team leader, infantry maneuver team, squad leader, and
platoon leader.

Scaling. Use any number between 1 and 99 to express the degree of
task importance. A low number means low importance and a high number
means high importance. Complete the scaling of importance for all tasks
and positions a{ one sitting. Don't stop till you have finished the job.

Example. Here the task is assumed to be camouflaging. A list is
presented below with a completed example.

E Task Criticality General Mission Goals 1
90 Preserving forces, facilities, etc.
50 Maintaning tactical and strategic objectives.
80 Gaining time advantage
) 10 Mauntaining ability to move forces
20 Wearing down enemy forces
. 5 Controlling essential terirain
i 5 Forcing the enemy to mass
Utility

rollowing Edwards et al, the calculation of the utility of each task for
the general mission goals was calculated in accordance with:

al

% . n=17
(2-1) U. = £ Aw, u ), -
$ A 1 j=1 I
; n=7 ’
- where ¥ = 1,00,
3 J N 1
: U e ‘o .th
: s 1s the aggregate utility for the i~ task,
w.j is the normalized importance weight of the jth mission goal, and
. ; uij is the rescaled position of the ith task on the jth mi’ssioﬁ goal,
. f The results are presented in the second column {General Goals) of '71’ab41es 2.3,

2.4, 2.5, and 2.6.

i e _
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Table 2.3

Utility Ratings for Mechanized Infantry Tasks

FER

b x B4 Goa1§ of

Yo oo Action

VEHICLE DRIVER (DR) 88 &8 1 2 '3
Receive ‘orders and plans from PL 73 86 42 57
Review terrain maps with SL 64 68 43 59
Check fuel supplies 54 83 62 62
Check vehicle use supplies (water, recovery
devices, etc.) 45 8 62 70
Check APC mechanical readiness 25 83 76 76
Load APC materials 23 35 66 68
Review SOPs and special orders with SL 09 4 62 56
Mount vehicle 18 71 61 66
Start engines 16 65 48 65
Drive under visual guidance, daytime 36 85 54 61
Drive under visual guidance, formation lights 23 84 44 62
Drive with NVDs 24 85 44 66
Drive in lead position 09 82 44 64
Drive under SL intercom control 07 80 44 z
Drive under PL hand signal control 09 - 39 73
Prepare to cross water 08 - - -
Cross water 23 - - -
Secure after crossing water 33 - - -
Drive over rough terrain 31 59 47 1713
Position bounding vehicle 25 00 69 78
Position overwatching vehicle 39 72 67 18
Locate covered area 33 68 59 73
Position vehicle in covered area 33 61 65 73
Prepare APC for dismount 30 64 70 76
Move to PL directed location 57 83 54 77
Position hull down by G/CTL directions 37 - 69 79
Position hull down visually 39 - 70 79
Button up if needed 50 80 71 81
Monitor radios 50 8 69 79
Relay info to G/CIL or SL 65 85 50 176
Assist vehicle camouflage 63 - 53 80
Monitor radic 61 87 62 76
Feed ammo to G/CTL 36 63 74 69
Relocate vehicle 58 76 72 73
Move to assembly arxea 40 8 65 77
Position for remount 77 - 66 77
Prepare APC for remount 52 - 66 77
18




Table 2.3 (Cont.)
-t .
82 9 Goals of
De 83 Action
e 8§38 1 2z 3
O OO
Assist reloading of APC 29 - 66 S8
Drive concealed to disengage 68 -~ 63 67
Drive visually to formation 83 33 66 67
Drive under G/CTL or SL control to formation 65 33 63 69
Check gear and vehicle for damage 69 77 55 61
Check fuel and fluid supplies 57 80 81 &5
Make necessary f£ield repairs 82 66 77 83
Report vehicle readiness to G/CTL 81 7. 83 75
GUNNER/CARRIER TEAM LEADER/(G/CTL) E
Receive orders and plans from PL 47 88 68 60 =
Review terrain maps with SL 68 87 84 60 =
Check condition of organic weapon 68 88 92 63 §
Check ammo supply 54 92 92 82 =
Check condition of NVDs 55 -~ 87 82 . =
Check vehicle for equipment security 47 - 73 80
Assist loading of APC 42 - 77 66
Review SOPs and special orders with SL 53 - 17 74
Mount vehicle 66 - 77 62
Observe terrain for navigational purposes 68 - 87 92
Observe terrain for enemy presence 80 88 92 88
Observe PL hand signals 74 7. 71 80
Observe PL flashlight signals 74 7% 70 80
Intercom communicate with SL 82 - 83 74
Observe lead vehicle 82 7 17 14
Supervise water crossing 79 - - -
Detect direction of enemy ATs if encountered 84 82 66 76
Assist positioning of bounding vehicle 81 82 91 76
. Fire from bounding vehicle 1 87 83 91 83
¥ Overwatch bounding vehicle 2 87 82 91 83
Fire to protect bounding vehicle 3 90 87 64 83
Locate covered area 84 - 74
Direct positioning in covered area 82 &8s 74
Overwatch dismount 3 84 86 63 83
- Dixect positioning in hull down configuration 77 - %2 83
’ Mount NVDs if necessary 74 - 89 74
Receive PL regrouping plans 67 71 6Z 82
%
v Z’; 19 = %
H ” = = = — B §
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Table 2,3 (Cont.)

Identify TRPs

Establish range cards

Assist in vehicle camouflage

Fire S50CAL at targets

Fire 50CAL at areas

Maintain fire per range cards

Use NVDs

Coordinate firing with other vehicles & dis—
mounted elements

Fire stationary

Fire in motion

Maintain knowledge of the squads' locations
Comrunicate with PL

Detect enemy movement

Determine need to relocate

Establish revised TRPs and range cards

Direct relocation or repositioning
Reposition to allow other SWs to fire as
needed

Locate assembly area

Overwatch remount

Cover disengaging squads

Maintain concealed disengagement
Receive PL regrouping instruction
Proceed to regrouping

Fire to protect regrouping

Check organic weapon's condition

Make repairs to organic weapons

Check ammo supplies

Report vehicle readiness to SL

INFANTRY MANEUVER TFAM MEMBER (MIM)

Receive orders and plans from PL
Check condition of weapons

Check ammo supplies

Check other gear as needed

Check NVDs

Load vehicle

Review SOPs and special orders with SL

20

62 Coals of
ie §2 b
2 8% N zzon 3
O = S O
75 83 " 67 84
83 - 67 8
81 - 9L 75
82 87 89 85
5 85 86 89 &8s
80 - 8 76
8L - 82 85
6 86 87 90 85
79 87 91 85
83 85 93 89
7 88 83 92 87
8 o 83 92 86
9 93 85 9 88
10 89 85 90 74
11 92 89 90 84
12 90 % 9 80
13 89 87 94 .80
77 - 91 83
77 - 88 84
% 9 91 91 84
15 89 - 91 80
90 - 8 81
90 - 87 76
16 89 - 89 80
78 9% 91 67
79 8 91 72
82 8 90 75
17 86 8 8 78
79 2 S0 77
18 88 87 9% 77
78 8 94 85
78 80 84 87
84 - 82 78
35 - 77 80
60 82 82 80
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Table 2.3 (Cont.)
= £ - .
= : &2 Goals of -
_ e 84 Actio
L : is §3 1 g
OH GO : g
B Mount APC . 73 - 8 713 83
Ride in APC I - 9. 715 87
Remove web gear and securing for water
- < crossing 67 .- - -
1 z Support mounted organic weapon firing 83 80 92 -
= Detect targets in exposed position bounding .
B vehicle 19 86 80 90 85
Fire weapons from bounding vehicle 20 85 83 92 - 85
Prepare to dismount 51 80 76 94
Execute dismounting procedure 59 - 76 94
: Seek concealment 75 7% 79 92
Plan fire effective positions 21 87 82 92 83
H Coordinate weapon's locations 22 84 82 92 85
Carry weapons to locations 63 75 9% - -
Reconnciter subsequent positions 79 97 85 86
3 Mark routes between possible positions 23 86 76 86 88
] Identify TRPs 24 84 78 86 85
Plan fire cover for possible relocations 25 86 83 89 88
Prepare range cards 81 - 89 83 =
Stake out range limits for weapons 17 - 89 81 =
. Construct obstacles 73 - 91 82 ‘?ﬁé
: Place obstacles 71 - 93 82 =
. Plant mines 76 - 97 83 &
: Camouflage 77 - 94 79
: Learn routes to assembly area 79 - 82 76
: Detect enemy arrival at effective distance &5 - 85 -8
3 H Fire on targets 26 89 82 94 81
=3 : Fire at areas 27 86 82 94 83
= - Communicate with SL viz hand signals 82 68 77 81
Communicate with SL vocally 81 - 59 72 76
: Communicate with PL by radio 81 89 91 82
~ i Fire with NVDs 28 < - 91 81
[ Feed enemy progress info to SL (or PL) : 81 84 92 83
i 2 Collect gear for relocation 77 54 12 78
Iz Cover movement to new position 86 82 77 83
£ Move rapidly to new positons via marked :
1 routes ‘ 29 89 80 77 88
i H Fire while relocating 30 88 8 80 83
Move to assembly area 31 88 - 80 86
Fire to cover move to assembly area 32 88 - 80 85
f; Fire from moving vehicle 88 74 8L 82
; Collect gear for remount 81 53 82 31
£




Table 2.3 (Cont.)
Lo
g4 O —
§§ § @ G:als of
Ho 2@ ction
W OO 1 2
OB 0O
Renount rapidly 82 . 73
Cover other remounting members 84 66 74
Stow gear correctly 56 32 62
Support organic weapons to cover dis-
engagemnent 84 - 81
Move to assembly areca 81 - 75
Fire to cover movement to assembly area 89 - 75
Chack gear for damage 71 - 64
Check ammo supplies 83 83 56
Report readiness to SL a6 81 58
SQUAD LEADER (SL)
Receive orders and plans from PL 63 69 78
Review terrain maps with DR and G/CTL 60 68 79
Discuss material and weapons needs with PL 67 85 85
Check rosters for combat ready personnel for
weapons needed by migsion 52 76 81
Check conditions of NVDs 59 - 80
Supervise loading of vehicles €3 72 79
Inspect vehicles for equipment and organic
security 48 70 80
Review SOPs and specizl orders with squads 53 70 81
Mount vchicle 59 69 72
Obsexrve terrain for concealed movement routes 76 78 85 ]
Observe terrain for enemy presence 33 87 74 88 86 =
Direct DR 78 82 73 86 ig:
Cbserve PL hand signals 68 75 66 80 i:%
Observe PL flashlight signals 70 75 66 80 =
Coordinate defensive squad fire 80 78 92 81 i:%
Communicate with PL as needed 82 79 79 76 i‘%
Maintain proper movement configurations 83 77 78 82 =
Direct squad to dismount configuration 70 80 87 85 ,,—
Conduct dismount 73 8 78 85 -1
Receive sector assignments from PL 81 80 87 85 e
Assign positions 77 82 90
Establish communication network 34 87 80 82
ldentify TRPs 35 90 82 62
Prepare range cards 36 90 - - 89
Estzblish routes to subseguent positicn 37 93 82 90
22




Table 2.3 (Cont.)

Supervise obstacle and camouflage
construction

Coordinate plan for assembly

Direct mounted vehicle to correct
configuration

Coordinate squad firing in range
Communicate with PL on progress

Report enemy status to PL

Adjust firing as necessary

Coordinate squad relocation if necessary

Direct relocation fire

Make new range cards as needed

Direct movement to assembly area

Direct cover fire while moving to
assembly area

Assign exposed fire team as needed when
mounted

Coordinate fire needs per PL instructions
while mounted

Direct remounting

Coordinate cover fire during remount

Direct squad movement during dis-
engagement

Communicate with PL during dis-
engagement

Direct proper movement to Yegrouping

Assess squad's infliction of damage on
eneny

Assess squad's received damage

Report assessnents to PL

PLATOON LEADER (PL)

Receive oxders and plans from company
Discuss crders and plans with platoon as
needed

Discuss material and weapons needs with
SLs

Discuss attachments

Conduct reconnaissance

'I-'J’ 6 (4]
3F 2w Goals of
qg g4 Action
88 &8 1 2 3
38 85 76 90 82
87 80 79 83
81 79 53 84
81 8 90 86
71 82 80 83
80 72 950 83
39 86 87 90 88
40 85 87 91 88
41 88 86 92 88
42 86 86 91 84
43 88 86 91 88
44 87 83 89 91
45 89 85 90 91
L6 86 80 89 55
83 72 12 83
87 r 17 -
47 88 68 79 88
48 88 - 72 88
49 87 - 72 86
80 8 78 15
84 77 81 80
65 8 8% 67
53 62 79 72
55 646 79 714
79 - 79 90 80
80 83 90 -84
50 88 55 92 93




Table 2.:3 {Cont.)

Check accuracy of terrain maps

Check with SLs on readiness

Check with company on SOPs and -
special orders

Check on support fire availability

Mount APC

Cormunicate formation signals by hand to
SLs

Cozzunicate foxmation signals by flash-
light to SLs

Identify terrain reference points

Comzunicate with company as required

Communicate by radio/wire to squads as
necessary

Decidd to engage unexpected fire or not

Direct mounted defense

Coroupicate with OPs

Request possible support fire requiremeants
from company

Direct approach configuration to missicn
area

Process plan changes from company

Select positions fox cover, concealment,
observation, and fire

Cozmunicate positioniug to Sis

Select OP sights and posts

Post OPs

Establish inter—squad communication
network

Assign locations to Sls

Select subsequent positions

Establish transition routes

Establish TRPs

Assign fire zones and targets

Position squad-detached APCs

Comnunicate with company and/or artillery
as needed

Establish obstacles and camouflage needs
Direct preparations of squads

Choose asserbly area

PO o~
8=z 8w Goals of
& .;,c; 2 ',‘} Action
[ J O b 3 2 3
O H OO0
51 86 68 92 91
83 55 86 86
82 55 85 84
52 838 79 88 85
82 55 81 090
62 49 70 80
67 45 70 80
83 61 87 85
80 79 81 - 85
78 80 91 88
53 85 82 91 88
54 84 - 91 88
55 85 - 93 89
56 84 83 84 89
74 82 80 91
72 82 84 9n
57 86 87 95 90
74 82 94 93
81 - 94 94
09 - - 94
58 85 83 84 92
59 84 83 92 92
’ 72 81 9% 92
81 9 92 92
60 84 82 95 92
61 84 83 94 94
83 82 92 92
62 85 86 94 90
82 80 91 89
78 82 93 86

kg

i

e

R

I
il

et

iR

SRl

i




s

e ) by @ prs

Table 2.3 (Cont,)

Instruct squads and G/CTLs on assembly plans
Inspect for readiness

Select firing configuration for mounted
defense

Direct vehicle firing locations

Direct vehicle movement patterns
Coordinate firing using visual signals
Call indirect fire according to plans
Comrunicate with OPs and company as
necessary

Decide when {or if) to relocate
Coordinate SL reports and G/CTIL reports of
enemy progress

Order relocation

Direct relocation cover

Coordinate changes ir TRPs etc., after
relocation

Order move to assembly area

Direct protective fire for move to
assembly

Direct squad fire zones while mounted

Direct squad fire requirements while
mounted

Direct : smounting

Coordinate remounting protective fire

Direct disengagement

Call indirect fire required for disengagement

Recall OPs

Coordinate regrouping

Assess damage inflicted on enemy
Ascess condition of platoon

Report mission status tc company
Prepare for next mligsion

(3
wn

B o
8= g8, Goals of
2% g+ Action
58 §8 1 2 3
75 8 77 90
69 81 78 81
84 82 82 81
63 87 82 8 89
64 84 79 91 89
80 7% 90 80
81 85 92 88
65 86 88 82 92
66 88 88 84 93
80 68 82 92
67 &8 83 79 93
68 90 8 79 93
69 &5 86 95 89
70 87 83 8 93
71 88 82 87 93
72 87 80 87 91
3 89 79 87 9N
74 62 78 86
82 725 81 85
74 84 77 87 85
75 91 76 88 92
09 - 92 -
76 86 67 89 88
83 54 89 77
88 54 715 19
72 81 75 7378
90 81 73 18
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Table 2.4

Utility Ratings for Tank Tasks

TANK PLATOON LEADER (TK PL)

Receive plans and order from the CDR

Coordinate with other PL

Coorxdinate with FIST Chief

Request attachments

Issue warnirg order

Conduct reconnaissance

Confirm accuracy of terrain maps with
ground

Coordinate with 8lmm FO (Fire Plamning)

Coordinate with ARTY FO (Fire Planning)

Select firing positions for tanks

Select observation posts

Select routes

Select alternate positions

Select supplementary positiens

Check with TK CDRs to determine unit
readiness

Order PLT forward

Direct tactical movement of PLT enroute

Communicate positioning of tanks to
the TK CDRs

Use hand signals

Use flag signals

Operate intercom/radio

Discuss local security requirements
with PLT

Discuss material and weapons requirements
with TK CDRs

Order hot loop be established

Comrunicate obstacle and camouflage
requirements to PLT

Supervise defensive preparations
Inspect for readiness

Approve TK CDRs' firing data

Approve FO's fire plan

Prepare PLT terrain sketch

Prepare PLT fire plan

Escort TM CDR during his inspection
Mount tank

Report enemy sightings
Acquire targets

DS
N 2 §3 Goals of
55 §3 Aegiom
OH o 1 2 3
53 72 90 72
53 72 86 7
56 72 84 75
39 58 45 71
55 72 50 75
52 72 59 71
53 62 48 73
1 78 72 86 - 75
2 78 72 86 75
3 82 86 8 75
4 78 8 67 71
5 66 80 44 76
6 82 86 8 75
7 82 8 84 75
46 62 &5 77
44 78 25 77
55 78 25 80
8 68 78 42 80
47 80 42 64
47 80 42 6%
9 67 80 87 64
55 8 76 73
49 60 35 61
52 61 73 73
50 72 69 74
10 78 7 719 73
11 73 8 &9 73
12 72 846 82 71
13 73 84 90 73
47 5 7L 77
14 73 82 81 73
49 62 66 71
24 50 61L 55




Table 2.4 {Cont.)

H
3
i
H
¥
H
H

- . :
82 4 Goals of
e 83 Action
5 53 . . ',
OH o
Determine when to commence ergagement 16 80 78 8 13
Order FO's to adjust fires 17 84 9 83 1%
Control employment of coordinated PLT -
tank fire 18 78 90 87 73
Operate laser range finder 19 71 8 88 74
Operate CDR's cupola 58 85 5 64
Track targets using periscopes 58 83 77 64
Issue crew fire commands 64 90 387 73
Override gunner's traverse 20 72 8 79 74
Fire S50 CAL MG 21 67 90 90 74
Conduct immediate action to correct
50 CAL wmalfunctions 56 85 81 -64
Decide when to (if) to relocate 22 70 88 81 73
Order relocation of vehicles 60 88 81 79
Control formations on the move 23 71 80 72 79
Communicate positioning to TK CDRs 57 90 62 79
Adjust indirect fire 26 87 9 90 78
Reload 50 CAL MG 59 8 77 67
Initiate radiological monitor 47 58 14 69
Troubleshoot sighting equipment 61 8¢ 75 65
Replace sight components 51 80 33 65 )
Troubleshoot cupola malfunctions 43 80 71 65
7 Troubleshoot communications malfunctions 46 80 75 63
= Troubleshoot electrical malfunctions 46 80 75 63
= Encode/decode messages 53 85 30 63
= . Transmit situation reports te CDR 56 %0 51 76
= Issue fragmentary orders 25 85 95 87 176
= Issue- spot reports 26 75 90 79 71 -
s Assess damage inflicted on the enemy 60 8% 724 13
§ Assess status of TR PLT 63 90 76 79
E Request resupply as needed 54 80 8L 63
g:: e 8 Reguest medical suppott as needed 51 80 35 63
e ] Redistrilate supplies 64 € 76 63
= 3 . Prepare for next mission 58 5 66 63
3 ’ Decontaminate self 42 17 5% 77
Identify chemical agents 52 85 4% 74
= Escape from burning tank 24 37 10 75
' ' Escape from overturned tank 24 10 10 75
Escape from sinking tank 24 10 10 75
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Table 2.4 (Cont.)

TANK COMMANDER (TK CDR)

Receive plans and orders from TR PL
Coordinate other TK CDRs
Cocordinate with gunner

Coordinate with drive:

Cordinate with loader

-Inspect tagk engine

Inspect tank suspension and track
Inspect tank sighting and fire control
Conduct comzunications check
Inspact armament/amaunition
Control tank enroute

Interpret positioning instruction of IK PL

Occupy firing position

Implement local security instructions

Ioplement barrier and camouflage
instructions

Direct clearing of fields of fire

Prepare tank range card

Select targets for main gun

Selact targets for 50 CAL

Select targets for COAX MG

Plan fire comtrol measurss

Escort PL or TM CDR during iaspection

¥ount tank

Report eneny sightings

Acquire targets

Engage tzrgets on order

Adjust indirec: Iires

Operate laser rauge finder

Operate CIRs cypnla

Track targats

Issue crew fire commands

Traverse turretr with override

Fire 50 CAL ¥G

Conduct irmediate attion to correct
50 CAL ualfunctions

Decide when to {or if) relocate
Order relocation of vehicle
Control driver actions when moviag
Reload 50 CAL MG as required

Troublzshoot sighting equiprent

Troubleshoot fire contro’s
Troubleshoct communic: tions equipzent
Troubleshoot cursla malfunction
Encode/decode nessages

28

critical
Tagk No.
{Canaral

Goals

A

28

29

30

33

35
36
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Table 2.4 (Cont,)

Transmit status reports to TK PL
Transmit spot reports to TK PL
Assess damage inflicted on enemy
Assess status of tank

Request resupply as needed
Request medical support as needed
Redistribute supplies

Frepare for next mission
Decontaminate self

Escape from burning tank

Escape from sinking tank

gscape from overturned tank

TANK GUNNER (TK GR)

Assist TK DR in vehicle waintenance

Boresight COAX MG

Boresight main gun

Zero COAX MG

Zero main gun

Operate tank intercom

Prepare tank range card wit. TK CDR
Operate ballistics cowputer

Operate azimuth indicator

Identify target reference points
Identify map symb-'s on the ground
Determine fields .. fire for main gun
Determine fields of fire for COAX MG

Advi~ TK CDR of deadspace in fields of fire
Acqua- targets

Track cargets

Receive fire commands from TK CDR
Fii main gun

Fire COAX MG

Diagnose turret/maingun/traverse
malfunctions

Diagnose sighting and fire control
malfunctions

Diagnose recoil malfunctions
Diagnose commo malfunctions

Measure radiation

29

Critical
Task No,

E
ot

42
43
44
45
46

General
Goals




Table 2,4 (Cont.)

Critical
Task No.
Ceneral

Decontaminate self

Escape from burning tank
Escape from overturned tank
Escape from sinking tank

TANK LOADER (TK 1DR)

Assist TK DR in vehicle maintenance

Load ammunition on tank

Operate tank intercom

Load COAX MG

Load 50 CAL MG

Handle main gun rounds

Load selected rounds

Conduct WPN saf~ty checks

Conduct comnunications operation checks
Set head space and timing on 50 CAL MG
Inventory ammunition

Operate breach mecharism

Operate fire/safety switch

Advise TK GR when COAX and main gun
can fire

Conduct immediate action to correct
COAX malfunction

Unload nonoperational main gun rounds

Dispose of expended round cannisters

Advise TK CDR of ammo status

Assist TK CDR with observation

Camouflage tank

Dismount tank for local security
Install/remove field phores
Install/remove wire

Erect obstacles

Diagnose breach malfunctions

Emplace/recover mines

Measure radiation

Decontaminate self

Escape fxom burning tank

Escape from overturned tank

Escape from sinking tank




Table 2.4 (Cont, )
-t =
82 3 Goals of
Tx 8 Action
“ww g
8& &8 1 2 3 z
TANK DRIVER (TK DR) - %
Inspect tank engine 45 80 3r 79 £+
Inspect tank track 45 80 31 79 - :
Assist crew in maintenance 45 50 31 79 3
. Install/remove engine 45 -50 31 79 %
Install/remove track 45 50 31 79 :
Drive tank on level terrain 53 - 64 69 80 =
Drive tank on steep grades 53 64- 69 80 z
Drive tank during periods of darkmess - ) =
or limited visibility 61 66 - 74 80
Drive tank on slide slopes 53 64 69 80 =
Drive tank over water obstacles 53 : 66 59 -BO - B
Camouflage vehicle 38 72 45 77 E
Drive tank in mud/snow/sand/ice 53 66 74 80 =
Drive tank in convoy 53 20 17 70 E
Tastall periscopes S0 76 23 70 =
Install IR periscope 50 77 23 70
Conduct before/during/after operations . .
checks 49 9 71 79
Prepare tank for normal operatiouns 49 77 17719
Prepare ctank for water operations 50 7 77 19
Prepare tank for cold weather operations 49 77 17 79
Prepare tank for hot weather operations 49 71 1719
Operate intercom 50 79 7L 74
Refuel tank 52 65 33 74
Dismount tank for local security 55 79 67 65
Erect obstacles 59 77 67 63
Emplace/recover mines 64 76° 67 63
i Measure radiation 51 68 46 74
Decontaminate self 47 49 46 77
Decontaminate tank 42 49 46 79 -
; Escape from burning tank 24 30 10 76
; Escape from sinking tank 24 16 10 76
; Escape from overturned tank 24 10 10 76
H Prepare tank for recovery 48 75 &4 79
i
{
:
£
-1

i

o

B




Table-2.5

Utility Ratings for FIST Tasks

-t o
82 9 Goals of
B2 93 Action
ot U = d
FIST CHIEF 58 &8 1.2 .3
Receive orders and plans from TM CDR 1 65 70 14 69
Coordinate with TM CDR 2 65 69 22 :1-70
Coordinate with PLs 3 64 69 - 40-° 62
Coordinate-with FS0 4 61 69 33. .28
Coordinate with 4.2" FO 47 63. 22 53
Coordinate with ARTY FO TMS 53 69 86 -62
Coordinate with FS NCO 54 63 87 84
Coordinate -with 4.2" FDC 56 63 44 -47
Coordinate with 8imm FBC 56 44 44 3%
Coordinate with DS BAT FDC 56 69 92 .49
Conduct observation post reconnaissance 57 71 56 -.81
Conduct route reconnaissance 37 51 48 79
Confirm accuracy of terrain maps 37 25. 44 - 68
Identify key TRPs 49 29 45 - 567
Select OPs 5 59 66 87 93
Identify targets 54 68 83 76
Transmit target intelligence 55 51 71 62
Establish TIRPs 56 59 69 67
Establish FPFs 58 72 60 83
Establish TGPs 57 71 67 76
Plan WPN SYS, round, FUZE, MOE, & MOC for
each target 6 61 66 74 56
Use field binoculars 58 66 84 74
Operate NOD 58 66 84 74
Operate laser locator-designator 7 60 66 86 713
Operate digital message device 58 66 75 72
Use compass 54 48 60_ 356
Operate radio 54 55 719 61
Operate field telephone 57 68 72 9
Establish communications with the supported CDR L
{wire & radio) 56 62 77 14
Establish communications with the ARTY FOs (wire _
& radio) 51 6. 79 26
Establish communications with the ARTY FDC (wire
& radio) 51 69 79 26
Use CEOI (book) 29 29 24 11
Orient for direction 8 64 90 76 73
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Table 2,5 (Cont. )

Determine exact position on the ground

Prepare a terrain sketch

Prepare initial target list

Prepare initial target overlay

Transmit target list to FSO

Encode target information using KAL6L

Transnit hasty target lists using gridded
thrust line

Make use of CEOI extract of the gridded
template coding table

Acquire targets

Determine target range

‘Make appropriate call for.fire (grid, polar,
shift, etc.)

Observe effects of fire

Correct for range

Correct for deviation

Adjust corrective fires

Engage targets of opportunity

Adjust CLGP (laser)

Adjust smoke mission.

Adjust open sheaf mission

Adjust converging sheaf mission

Adjust irregularly shaped target
Determine when to request a fire for
effect

Determine when to request end of mission

Adjust registration mission

Adjust ICM mission

Adjust counterfire mission

Advise CDR in use of direct fire WPNS to
suppress EN

Adjust immediate suppression

Monitor FO CFF

Approve FO CFF

Redirect FO CFF

Request FSO provide GS artillery support
Adjust TACAIR -

Adjust high burst

Adjust attack helicopters

Adjust naval gun fire

Adjust mortars

Mount APC

Adjust illumination

33
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9 59 9 76 85
54 64 75 81
54 64 71 90
54 64 72 90
55 19 33 70
66 19 27 60
57 19 27 70
56 19 27 40
55 81 82 82
45 81 85 82
56 79 92 82
58 79 81 85
56 81 73 18
56 79 69 78
10 59 81 73 81
11 59 8 69 8L
12 62 86 70 80
56 79 43 85
57 77 43 103
54 62 69 60
54 73 71 60
58 80 77 67
13 67 80 77 67
56 3 21 s
14 64 82 70 76
15 63 8 45 70
56 77 6 75
16 59 75 64 75
59 47 33 64
17 67 53 54 72
18 62 68 84 83
19 66 79 8 83
20 65 8 84 81
21 67 71 50 66
22 65 8 84 81
o4 8 84 81
23 62 62 6L 81
54 10 42 58
26 62 55 75 52
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Tabhle 2.5 (Cont.)

Adjust danger close

Adjust fire by sound

Adjust multiple missions

Direct actions of FS NCO

Direct actions of RTO

Direct actions of drivex

Report target engagement results

Order xelocation of FIST

Relay calls for fire

Talk inexperienced observer through CFF

FORWARD OBSERVER (F0)

Receive plans and orders from FIST Chief
Receive plans aud orders from PL
Coordinate with FIST Chief
Coordinate with PL

Coordinate with RIO

Coordinate with ¥DC

Conduct OP reconnaissance
Conduct route reconnaissance
Confirn accuracy of terrain maps
Identify key IRPs

Select OPs

Identify targets

Transuit target intelligence
Select TRPs

Establish FPs

Establish target groups

Use field binoculars

(ipexate NOD

Operate laser locator-designator
Operate digital messege device
Use comrpass

Operate radio

Operate f£ield relephone
Establish communications with FDC
Use CEOL

Orient for directioam

Derernmine exact locationr on the ground
Prepere terrain skerch

Prepare targer list

Prepare target overlay

Encode target information using KAL61
Trapsmit target list

34
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‘ﬁ g g g '1 2 3
O [+ 3 <7 - -
25 60 81 69 82 .
54 68 58 64
26 65 82 71 79
57 52 74 79
54 . 26 46 74
57 18 19 68
27 63 78 46 28
28 60 85 67 93
29 67 81 79 80
se 8L 79 80
30 66 77 57 72
31 65 81 92 1A
32 62 72 A3 52
33 65 81 78 81
54 40 46 51
3% 61 69 46 49
57 39 60 67
37 39 39 84
37 34 34 61
49 34 35 61
35 59 78 85 86
54 65 88 73
53 48 71 69 1
56 57 61 76 2
58 72 78 .89 :
57 77 87 87 1
58 73 82 78 %
58 73 82 78 =
36 60 58 88 78
S8 82 82 78
54 58 72 68
54 59 52 73
57 56 77 5
51 73 76 68
29 57 17 47
37 64 a0 35 82
38 59 90 85 &2
54 64 62. 82
54 64 56 §2
54 64 56 14
56 64 15 77
55 64 26 a2




Table 2.5 {(Cont. )
- .
§§ g ° Goals of ig
V. @ Action g
ne 53 1 2 3
OE__ OO :
Transmit hasty target list using gridded ) - ;g
THRUSTLYNE 57 64 29 82 . .
Make use of CEOX extract on the gridded s =
template coding TB 57 64 25 72
Acquire targets 33 59 69 92 8L =
Determine range of target 40 59 69 88 81 =
Determine direction of targ:t 41 59 69 88 81 =
Place appropriate CFF (grid, polar- T : =
plot, shift, etc.) 56 85 91 81 %
Observe effects 58 - 85 81 76 %
Correct for range 56 92 83 81 =
Coxrect for deviation 56 87 82 7% =
Adjust fire 58 87 85 81 =
Engage targets of opportunity 42 59 87 80 89 . =
Adjust CLGP ) . &3 59 92 79 87 =
= Adjust smoke mission 56 87 49 89 E
% Adjust open sheaf missica 57 65 51 85 £
= Adjust converging sheaf mission 54 65 79 86 ; 3
% Adjust irregularly shaped target mission 54 66 66 84 %
= Determine when to request fire for effect 58 79 91 85 =
S . Determine when to requestc end of mission 44 67 50 73 85 : =
=3 Adjust registration mission 56 52 . 21 51 Z
= Adjust ICH mission 45 64 - 79 0 83 %
= ‘ Adjust counterfire mission 46 63 57 45 87 =
= ¢ Adjust immediate suppressive fire 47 59 74 64 87 =
: Adjust TACAIR 48 65 85 8 87 .
= ; Adjust high burst mission 49 67 71 50 71
‘3 Adjust attack helicopters 50 65 86 84 87
¥ H Adjust naval gunfire 64 86 84 87
e ¢ Adjust mortars 51 62 63 61 87
=1 i Adjust illumination 52 62 55 75 51
. Adjust danger close 53 60 8 69 90
= - Adjust fire by sound 54 68 58 63
-3 Adjust multiple mission 54 65 - 85 71 8L
=t ] H Report target engagement results 55 63 78 46 28
Relay calls for fire 56 67 86 79 80
i Talk an inexperienced observer through
H S a call for fire 58 81
E %
£ . i
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Table 2.5 (Cont. )

et -
9 0
o =
P
o 0
H o
O e

FIRE SUPPORT NCO (FS NcO)

Receive plans and orxrders from FIST Chief
Coordinate with FIST Chief

Supervise FIST driver

Supervise FIST RTIO

Request FIST rations

Request FIST water

Request FIST fuel

Request FIST ammo

Procure FIST rations

Procure FIST watex

Procure FIST fuel

Procure FIST ammo

Issue ratioms

Issue water

Isgue ammo

Supervise maintenance activities
Supervise camouflaging activities

¥onitor communications on mortar PLT fire
control nets

Record target lists sent by mortar FO's
to FOC

Assist FIST Chief consolidate company
target list

Assist FIST Chief prepare target overlay

Cooxrdinate with mortar PLT FDC Chief

Act as vehicle commander

Redirect FO CFFs 58

Mount vehicle

Prepare range card

Coordinate local security

Report results of mortar engagements to

FIST Chief

v
-~

RADIO 1-LEPHONE OPERATOR (RTO)

Operate radio

Operate field telephone 59
Install remote communications device

Install secure communications device

Lay wire (WD/L1)

Monitor radio communications

Monitor iield telephone communications

Operate switchboard

Transmit messages

36
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53
63

79
64
50
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Record messages

Repeat CFTs

Be prepared to adjust fire if ordered
to do so

Table 2.5 (Cont.)

Cricical
Task No.
Genaral
Goals

v

Goals of
Action
2

3

£
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L
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28
83

87

20
81

90
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65

87
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Table 2. 6 4
Utility Ratings for Artillery Battery Tasks =
a4 3
3O =
g= @ poalf of %
8% ¢33 Action =
BATTERY EXECUTIVE OFFICER (XO0) 88 88 1 2 3 T2
Serve as acting battery CO 40 82 82 88 =
Supervise battery when it occupies a firing -1 =
position 80 82 89 89 =
Lay the battery when it occupies a firing : §
position 2 78 90 83 89 =
Measure and report directions 3 68 66 6 79
Determine mininum quadraat elevation 60 66 66 79
Supervise section chiefs during boresighting &40 63 66 69
Control fire of the battery: 4 83 90 9 89
Insure before, during, atter DPS maintenance
is perforsed 35 48 30 64
Insure area improvements are completed in
accordance with BC's order 44 74 79 88 =
Insure sections store, segregate, and protect
armo 5 79 58 66 71
Render X0's report to FIC 56 48 90 &0
Insure intra-battery communications are
established 65 77 72 62
Insure safe firing practices are observed
in battery 40 29 34. 35
Insure each section chief knows location of
his supplenentary position 62 72 84 89
Insure each section chief has reconned route
to supplementary position 62 72 84 89
Coordinate with 1SG to determine fire sectors
for each howitzer 60 72 85 &89
Supervise section chiefs in preparing range
cards 52 52 5 79
Insure 2mmo is distributed in accordance with
anticipated needs of FDC 6 75 62 14 78
HOWITZER SECTIION CHIEF (HOW SC)
Insure that weapon is properly eaplaced 7 72 84 81 80.
Insure weapon is ready for action 8 12 84 83 80
Lay weapon 9 73 8% 90 &80
Select aiming points for gunner 10 73 70 75 67
Site to the crest 11 717 70 75 67
38
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Order when to boresight

Urder azimuths marked

Order the prefire checks performed

Position local security

Supervise camouflaging

Supervise construction of field
fortifications

Table 2.6 (Cont.)

Measure and report site to the crest

Determine piece to crest range
Supervise section during firing

Observe and check functioning during

firing

Report observed malfunctions or errors
Inspect ammo storage, segregation, and

protection
Inspect maintenance performed

Insure on board ammo and gear is stored

properly

Prepare range cards for all section crew-~

served WPNS

Control howitzer fires during direct

fire engagement

Organize section for continuous operation
Haintain firing and maintenance records

GUNNER (GR)

Lay cannon on initial direction of
aiming circle

Lay cannon on initial direction of
conpass

Lay carnon on initial direction of
distant aiming point

Lay cennon on initial direction of
reciprocal lay of another cannon

fire with
fire with
fire with

fire by

Verify direction of fire with reciprocal

check as control piece

Verify direction of fire with reciprocal

check as adjzcent piece

Verify direction of fire with reciprocal

check using lighting device
Align collimater/aiming posts

39

g S
2= 8 Goals of
g g4 Action
58 88 1 2 o
12 77 70 65 10
13 77 63 18 10
1% 68 63 65 10
51 61 78 83
44 10 40 83
55 22 4 8
15 77 43 15 61
6 77 3 715 61
17 83 8 9c 85
44 15 6L 75
44 15 61 75
50 15 5 715
60 5 5 2
53 10 s 2
53 s6 41 72
50 8 68 90
56 62 10 76
24 5 5 2
18 75 87 8 89
13 75 87 86 89
20 75 87 8 89
21 75 87 8 89
2 75 87 80 84
23 75 87 80 84
2% 75 87 8 76
64 64 59 62




D g . v

Table 2.6 (Cont.)

Boresight the panoramic telescope with
the MAO alignment device
Boresight the panoramic telescope with
a distant aiming point
Boresight the panoramic telescope with
the collimater
Boresight the panoramic telescope using
the testing target
Set/lay cannon for deflection
Sight on a target during direct fire with
panoranic telescope
Refer the piece
Determine the altitude of a point using a
wnap
Convert grid to magnetic azimuth
Convert magnetic to grid azimuth
Measure an azimuth on a map using a protractor
Measure ground distance on a map
Locate an unknown point on a map by intersection
Locate an unknown point on a map by resection
Orient 2 map with a compass
Orient a map by terrxain essociation
Deternizie present location by terrain
association
Select movenent route using a nap
Ravigate from one point to another using map
and compass
Locate a point on 2 map using the military grid-
ref system
Lead a secusity patrol

CREWMEMBER (CM)

Prepare a position to receive/emplace a cannon
Guide vehicles using arm and hand signals
Guide vehicles using flashlight signals
Engage/disengage tube travel lock
Emplace/recover spades

Lay communications wire to FDC

Connect wire to telepost terminal on
vehicle

Eoplace/recover collimater

Bo
8= 8. Goals of
ax ao Action
] 8 O 1 3
(&3 OO
25 712 66 78 87
26 72 6 18 87
21 72 64 78 87
28 712 64 18 87
29 19 87 .8 89
52 90 82 90
30 75 64 8 71
30 5 6 27
30 5 6 19
30 5 6 79
34 5 & 19
34 5 6 719°
3 5 17 719
30 s 519
31 %% 5 10 89
32 % 5 10 89
33 79 5 6 89
48 s 11 89
48 5 16 89
3% 72 5 6. B8
41 5 20 S8
€5 38 87 77
56 29 87 77
56 29 87 77
23 5 6 49
35 5 15 49
35 82 38 35 35
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Table. 2.6 (Cont.)

Emplace/recover aiming posts
Boresight the direct fire telescope
using distant aiming point
Transport cannon armo onto the velicle
Prepare cannon aumo for helicoptzr resupply -
Operate material handling hoist on M 548 cargo
Store amo at a camnon position
Protect the ammo -
Segregate the amo by type
Monitor and relay fire commands
Prepare ammo for firing
Recognize ammo types by color coding
Identify fuzes and fuze wrenches by type
Fuze the projectile
Set the fu:e using the proper fuze setter
Prepare p—<pellant charge
Set/lay carnon for quadrant with the
range quadrant
Measure the quadrant with the range
quadrant
Sight on a target with a direct firzfelbow
telescope
Load a "prefixed" round
Load a "separately-loaded” round
Ram a projectile with the power rammer
Fire the cannon
Place unfired powder increments in the powdexr
pit
Clear powder chamber
Command “check fire™ when unsafe conditions exist
Clear and maintain victin's airway
Stop bleeding
Treat for shock
Decontaminate casualties
Recognize/mark CBR hazzrds
Mask on signal
Decontaminate self, egquipment, supplies
Install and operate TA312/PT
Operate vehicle intercom
Lay and mzintain wire
Measure msgnetic azimuth with M2 compass
Heasure ground distance by pacing
Report enemy information
Process and evacuate zaptured enemy
Identify personnel using challenge and password
Camouflage self, weapon, equipment

41

i . -
Lo+ i -
O 2 3
i &2 Cration”
o6 o 1 2 3
38 r 29 35- 37
56 29 87 39
61 29 81 71
65 34 81 72
61 29 77 1L
39 66 29 74 €7
56 29 74 69
56 20 54 56
40 85 85 89 89
51 85 8 83 176
42 85 6 6 9
43 85 65 88 9
44 85 85 70 17
45 85 8 170 21
46 85 85 80 22
47 75 65 806 70
65 65 73 70
55 75 78 82
57 79 76 65
57 79 76 &5
57 79 67 55
57 90 89 90
23 5 5 13
20 5 5 5
20 I S5 16
20 5 5 35
20 5 5 35
20 5 5 35
20 5 5 35
33 5 5 60
27 5 5 60
27 5 5 78
46 45 71 5
27 45 66 713
46 45 71 5
30 5 5 79
15 5 S5 79
61 82 78 83
33 5 5 43
32 5 s 133
56 5 5 %
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Construct individeval defensive position

Prepare range caxd

Cross danger areas

Use H16 rifle

Prepara to fire and engage target with LAW

Use HM203 grenade launcher

Emplace/recover claymore nins

Use hand grenade

Operate M60 MG

Cperate CAL 50 MG

Engage ground targets with MS§0 MG

Eigage ground targets with CAL 50 G

Engage aerial targets with 60 YG

Engage aerial targets with CAL 30 MG -
Inspect and clean aiming posts lighting devices
Clean tube and chanber -
Clean charber evaculator, valves, muzzle brake
Operate }109A1 Howitzer under unusual conditions

Critical
Togk No.
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Applying MAUT to Specific Platoon Action Goals

Specific platoon action goals were develcped on the basis of the involved
scenario by the program's military consultant. These goals were designed to
be consistent with each of the three different platoon actions included inthe sce-
nario which formed the backdrop for the present work. Each platoonaction pro-
duced four goals. The importance of each platoon action goal was rated and
scaled using the method described for the general mission goals by the same
person who scaled the general mission goals.

The first specific platoon action involved repelling an assault from a
battle position. The derived goals of this action and the results of ordering
and scaling them are presented in Table 2.7.

Table 2.7

Importance of Goals for Four Types of Units in
Repelling an Enemy Assault From a Battle Position

Unit Type
Goal Mechanized Armor
_— Infantry (Tanks) FIST Artillery
Block the penetration .31 .30 .40 .20
Destroy or eject enemy .28 . 40 .30 . 40
Reduce penetration .25 .20 .20 .30
Regain lost po—tion of BP .16 .10 .10 .10
ZWJ. = 1.00 1.00 1. 00 1.00

The second specific platoon action involved defense of a strongpoint.
The derived goals of this action, ordered from most to least important, are
presented as Table 2. 8.

Table 2.8

In:portance of Goals for Four Types of Units in
Creating and Defending a Strongpoint

Unit Type
Mechanized Armor
Goal Infantry  (Tanks) FIST Artillery
Retain or deny terrain to enemy . 40 .20 .10 . 10
Gain time .30 .10 .20 .20
Wear dawn enemy attack force .20 .40 .40 .40
Destroy weakened enemy force .10 .30 .30 .30
ij = 1.00 1. 00 1,00 1,00
43
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The third specific platoon action involved moving forces to occupy an-
other battle position. The derived goals of this action are presented in Table

2.9 along with the -'ts of the scaling of their importance.
Table 2.9

Importance of Goals for Four Types of Units in
Disengaging and Occupying a2 New Battle Position 2
Uuit Type
Goal Mechanized Armor .
—— Infantry (Tanks) FIST Artillery
Maintain ability to move .40 .40 .30 230
Control essential terrain .30 .10 .10 .10 iz
Maintain tactical objective .20 .20 .20 .20 2
Preserve forces .10 .30 .40 .40 %‘"
Zw, =1.00 1,00 1.00  1.00 E
Weighting Tasks on Specific Platoon Action Goals %
Next, employing the same methods as described above for the general §
mission goals, the aggregate utility of each task was derived for each specific §
platoon action. There was now on hand an aggregate utility value for each task §
relative to the general mission goals and to the goals of each of the specific pla- z
toon actions. The aggregate utility of each task for the goals of each platoon %
action is shown in the last three columns of Tables 2.3, 2.4, 2.5, and 2.6, g
Critical Task Identification é
The next analytic step involved combining these data sets to produce :
lists of the most critical tasks for each of the positions and units under study. §
=
In order to establisha decisionrule for the classification of tasks as =

critical, a frequency distribution was developed using aggregate utilities of
tasks on general mission goals and on the goals of the three platoon actions
of the mechanized infantry, armor (tanks), artillery, and FIST. Decision
axes were places at different positions to define areas of "low," "medium,"
and "high" impostance for each of the types of unit. To define "low," "mc-
dium,'" and "nigh" importance tasks, the decision axes were transferved
from the pooled distributions to the same points on the distributions develop-
ed from the aralysis of general mission goals. Accordingly, all three deferi~
sive (platoon) actions were dealt with in the same way. Since there were
four distributions for each type of unit and a total of four units, 16 distribu-
tions were involved in the importance assignment process. Table 2,10
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summarizes the decision criterion for each of the four types of unit, i.e., the
value 11at had to be achieved by each task when rated against the general mis-
sion and the specific platoon action goals. In order for a task to be classified
as critical, a "high" aggregate utility rating was required for the task on the
general mission goals and on at least one of the three sets of specific platoon
action goals. '

Table 2,10

Criteria Used to Identify a Task as
Critical for Each of Four Yypes of Unit

Unit General Mission Goals  Specific Platoon Action Goals
FIST M ) M + 10
Armor (Tanks) M- M+ 10
Artillery M +10 M + 10
Mechanized Infantiry M+ 6 M+ 6
*M = Mean

A total of 241 critical tasks was identified in this way.

Mechanized Infantry

A total of 76 critical mechanized infantry tasks, divided across four
positions, was produced from the full set of 263 mechanized infantry tasks by
this conjoint classifcation procedure. The method failed to produce any crit-
ica: tasks for the vehicle driver. The critical tasks, so identified are given
in the first column of Table 2. 3.

Armor {Tanks)

A total of 58 critical tasks, divided across four positions, wzs produced
from the full set of 218 tank crew tasks by this conjoint classificatioa procedure.
The method employed here failed to produce any critical tasks for the tank
driver. The tasks identified as critical are identified in the first column of
Table 2. 4,

FIST

A totalof 59 critical tasks, divided across four positions, was produced
froin the full set of 188 FIST tasks by this conjoint classification procedure.
These tasks are identified in the firsi column of Table 2.5.




Artiuerx

A total of 48 critical tasks, divided acrogs four positions, was produced
from the full set of 137 artillery tasks by this conjoint classification procedure.
The method employed here made no distinction among 155 ram crew members.
The tasks identified as critical for the artillery are given in the first column

of Table 2.6.

Discussion

Clearly, now that critical tasks of soldiers have been isolated within
the context of a specific scenario, the effect of the environment on human per-
formance can also be more clearly specified at least for the scenario involved.

The design of military training programs, jobs, and environmental
seftings to match the capacities and limitations of the soldier, when possible,
is a desirable goal. An analysis such as that conducted here represents the
first step toward understanding the most critical problems associated with
the relationship of the soldier to his environment. The companion volumes
apply the information developed here to clarify the anticipated stressor ef-
fects on the critical tasks within the existing scenario and to guide the man-
agement of human resources in continuous operations.

While the general purpose was to use the results of the present analysis
to identify tasks which form a basis for isolating shortfalls associated with ac-
tive defense operations, other possibilities also come to mind for such job in-

formation. The information can be used:

1. as a basis for training program development

A B 58 b od A ot

!

i

as a basis for job evaluation programs

V]

3. as a basis for counseling individuals :

£

4. to develop selection programs s

3

H 5. to develop computer simulation models of the 3§
active defense. S
£
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CHAPTER Il

MATHEMATICAL MODELING APPROACHES
TO PROJECTING PERFORMANCE DEGRADATION

The preceding chapters, together with the parallel report of the prior
year (Pfeiffer et al, 1979), provide the essential background for this chapter.

The salient points to be recalled are that a realistic scenario was developed
of an active defense against a mid European breakthrough attack. The sce-
nario assumes coutinuous operations over some five days (120 hours). Four
types of adverse factors are inherent in continuous operations: (1) fatigue
resulting from sleep loss, (2) disrupted diurnal rhythms, (3) reduced light
levels and similar visibility factors, and (4) "mental' stress. Basic abili-
ties are critical to varying degrees and in various combinations to the per-
formance of each critical task listed in the preceding chapter.

Data Underlying Model Parameters

The parameters of the models described below were derived from em-
pirical data albeit over several intermediate steps.

The first of these steps
was based on the survey of literature extended in Chapter I and in Pfeiffer et

al (1979). The aggregate of information and data extracted made possible:
(1) a determination of the adverse factors in continuous operations which
act to depress critical abilities, and (2) an assessment of the degree of

the impact. The latter assessment was made possible by cited data, graphs,
curves, tables, etc. in the literature, at least to thc extent of determining
shether a significant depressive effect would be manifested. 'Significance"
was defined as a likely shrinkage of the ability in question by 20%

The ways in which the adverse debilitating factors in continuous oper-
ations 1mpact upon and depress the critical abilities is summarized in Table

3.1i. According to the Table 3.1 analysis, Fatigue affects 6 of the 9 abilities,
Diurnal Rhythms affect 2, Light Level/Visibility affects 4, and Stress affects

4. The bottom row summarizes the total number of impacts on each separate
ability or the worst case possible.

The maximum number of possible impacts
in the worst possible case is 16,

A determinztion was made as to whether or not an impact (i.e., a 20%
depression of a given ability) would, in fact, occur in each critical task (listed

in Chapter II) carried out in each type of defensive (platoon) action included in
the overall scenario.

Since such a determination requires a judgment as to
the severity of conditions in each type of defensive action as well as an inter-
pretation of background data, it was made by a team of two experienced, pro-
fessional scientists and a military expert. Both psychologists were familiar
with and had available the extracted data and information from the literature
survey. The military advisor had previously developed the details of the sce-

navio. Ile also possessed considerable operational military experience.

RO
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Table 3.1

Summary of Factors Degrading Critical Abilities

Fatigue (Sleep Loss) v Vviviviviy

Diurnal Rhythm N4 v

Light Level/ Visibility v |V v v

Stress v v vV |V

™~
[3~]
V]
[
o

Total Impacts on Abiliiy ‘ 1 112 1

GRAND TOTAL 16

Each of the three judges workad independently in assessing the prob-
able degree of impact on each ability in each defensive (platoon) action from
each source. An entry in a table was made only if a given impact was thought
to produce a depression of the given ability of 20% or more. After each work-
ing table (tasks by abilities affected by each adverse factor) was completed
by each judge, agreement among the three judges was established. An entry
into the final table of impacis was made only after a consensus of judgment
was reached among the judges.

Tables 3.2, 3.3, 3.4, and 3.5 present, respectively, these final judg-
ments for mechanized infantry, armor (tanks), Flre Support Teams (FIST),
and artillery. The columns in each table are labeled as to ty?e of adverse
(impacting) factor and abbreviations ar=z given for each of the critical abili-
ties (e.g., V for Vision, H for Hearing, etc.). Entries of 1, 2, and 3 in the
cells of the table refer to impacts produced in defensive (platoon) actions;

= repel an assault from a battle position, 2 = create and de.2nd a strong-
point, and 3 = disengage and occupy a new battle position. Phrased different-
ly: an entry of "1" means that defensive (platoon) action 1 engenders condi-
tions such that the given impacting factor will depress the given critical abil-
ity for a given task by 20% or more.

48
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Table 3.2

Mechanized Infantry: Summary of Significant

Depressions of Critical Abilities

DIURMAL
FATICUE RHYTEM
¥ o r £ & B 0 SR
12 12 12
12 12
t 1
1
3 13 13 13
123
123 123 123
12 12 1
12 12 1 12 12 12
1 1 12
i 1 1
12 12 1 1 12 12 12
2
2 2 2 2 2
23 23 23
123
23 3 3 3
2 2
3
3
123 123 3 3
2 2 2
2 2
3
13 1 1
3 3 3
3 3 3
3
3 3
23 23 23 23 3 3
3 23 23 23 3 3
2 2
123 123 13 13 13 133 123
12 123 123 123 123
123 122 123 123 i 123 123
13 12 12 12 1 1
123 12 3 3
123 123 123 123 123 123 12
123 123 13
2 2 2
3 3 3 3 3
3
3 3 3 3
a3 23 23
k]
23 23 23
23 23 23 3 3 23
123 123 13 13 12
123 123 13 13
3 3 3
13
3 3 23 3 3 3
13 13 13 13
3 3 3 3
3 3 3 23
15 13
13 131 13 3 13
13 13 13 123 13 13
3 3
3 3 3
3 3 2 3 3
3 3 3
3
3 3 23 23
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Table 3.3

Armor: Summary of Significant Depressions of Critical Abilities
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Table 3.4
g FIST: Summary of Significant Depressions of Critical Abilities
N §
_ DIURNAL -
3 TASE FATICUE - RHYT LICHT LEVEL SIRESS g
1 0. ¥y 8 X R 25 ¢ X R ¥y 4 2 9 & R 3 C
FIST carse 1 13
2 13 13
3 1 1
4 1 1
H 3 3 3 23 3
1 6 2 2
) 7 23 3 23
3 HEY 123 123
9 13 123
b3 123 123 123 123 123 123 13123 13
. i 23 13 13 123 12 13 123 ]
2 123 123
13 1 1 12 1
" 123 123 123 123 123 123 13 123 13
15 13 13 13 13 13 13 13
16 13 113 13 13 13 13 13 13
17 3 k]
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19 3 3 3 3
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21 1 1 ! 1 1 1
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2% 2 2 2 2 2 =
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27 1 1 1 t
28
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; TORKARD 30 13
OBSZRVER n 123
32 1 1
3 123 123
k2
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3 23 23 23
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< 122 13 13 i3 123 13 123
4 123 123 :
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Table 3.5

Artillery: Summary of Significant De;)ressions of-Critical Abilities y-
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Y In this table "L" denotes a significant depression with "Low" demand, "M" denotes

the same for "Medium" demand, and "H" for "Heavy" demand.
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Index of Effectis eness of Performance--E
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Before continuing with the explanation of how data in these tables were
used to arrive at a projection of performance degradation over 120 hours (5
days) of continuous operations, a measure or index of efféctiveness is présent-
ed. Prior to the development of a mathematical model (or set of related equa-
tions), the groundrule was established that any index should be bounded zéro
and unity. These extremes would define, respectively, the absence and pre-
sence of effective combat performance.

iy
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With the stipulation that 0<E<1, 00, the question arose as to the mean-
ing of these extremes. The prospective data for the model (Tables 3.2 -3.5)
clearly do not support an interpretation of total absence of any performance,
as in the case of a fatality, nor of absolute perfectiion of task performance.
However, these data justify an interpretation of E=1.00 as performance at a
normal, routine level as, for example, at the very beginning of contincous
combat operations, or in routine (recent) tactical exercises of the military
unit of reference. Similarly, E = 0 can be interpreted as the degradation of
performance to a level at which the unit of reference has ceased to have any
further useful military significance. E is, therefore, notanabsolute measure
of performance but a relative one; it is an expression of "remaining" perform-
ance capability relative to (compared to) norms established by a given military
unit (duty positien, sguad, platoon, etc., etc.), or of a generalized norm for
an abstracted "staundard" military unit of reference.

0 gl B 10,

The Impact Vector

While the search through the scientific literature produced sufficient
information to make well supported judgments as to the various impacts on
abilities, the information was not adequate to support judgments as to inter-
actions among debilitating factors, among critical abilities, or across both.
Accordingly the model, called the lmpact Vector Model, can consider only the
data or values in Tables 3.2 through 3.5 “whose derivation from empirical
evidence has been outlined.

R L R R R P TR O

Given that the line of departure for the model would be the impacts
(degree, quantity, 1ntensity) on abilities, the function generated must be such
as to intersect 0 and 1. 00 respectively on the ordinate and abscissa of its plot.
A third consideration was that the function should be an exponential one, be-
cause it has been found generally that such functions coincide well with patterns
of empirical evidence. Further supportfor this assumed constraint is presented
below in the discussion of the Progressive Degradstion Function (FDF). Also,
since the entire applicable set of abilities in quest. on is considered critically
requisite (absolutely essential) to task performance, a logical conjunction is
implied, i.e., abililiesa & b & . . . & n->Pi (,perforrnance of the j_th task).
Such a joini consideration of the set of abilities in questicn is assured either
by the arithmetic multiplication operator or by an exp-neniial parameter.
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Examination of Table 3. 1 establishes that the maximum number of
possible impacts on abilities for a hypothetical task requiring each and every
critical ability equals 16. This represents a theoretical worst case, i.e.,
theoretical with respect to the formal premises. Also, this worst case dis-
tribution of depressant effects (impacts) is 1, 1, 2, 1, 2, 2, 2, 3, 2 as is ev~-
ident from the bottom row in Table 3.1. Neither the total number nor the dis-
tribution of impacts in the worst theoretical case necessarily have a counter-
part in actuality. By contrast. the best theoretical case and the best occurring
case do coincide in there being a total absence of any impacts. In.short, the ]
best case (E = 1.00) is defined by an impact vector of length 16, 20, and ¢=0,
while the worst case (E =0) is defined by Z16 and ¢ =.6285.

The general equation for the desired function for the IVM takes.the
form:

(3-1) E-p377 72 _¢

where: E

the index of performance effectiveness

a = a constant (a> 0), determined to be 1. 8078 for the
present case

b = a decremental constant (0>b>1), ch¢senas .9

¢ = a constant (c > 0), determined to be . 2098 for the

present case
q = the number of adverse impacts

¢ = the standard deviation.

Constants a and ¢ are determined by the requirement for E = 0 when q = 16,
and E=1.00 when gq= 0.

In equation 3-1, the standard deviation, ¢, is defined inax standard way:

1 n —_2 Y
n j=1 (Xi X)
where: n = the number of impacts in the vector
5 .th ,
Xs = the i  impact
X =

the mean of the set of impacts

The Progressive Degradation Function

Formula 3-1, when applied {o any task in Tables 3.2 through 3.5 and -
the corresponding vector of impacts, generates a value of E representing the
joint and full impact of the applicable adverse or debilitating factors. While
there is unanimity in the scieniific literature that the full debilitating effects
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of sleep loss take place between the 36th and the 48th hour of continuous wake-
fulness, the effect is aggravated with further sleep deprivation. Moreover,

for some cognitive functioning, the effects begin to manifest themselves af-

ter as little as 24 hours without sleep. The value of E obtained through for-
mula 3-1, then, corresponds (conservatively) to the state of the military unit
of reference at the beginning of the 49th hour of continuous operations.

In order to obtain a function that would modify the calculated values

of E so as to extrapolate them to 24, 72, 96, and 120 hours of sleep loss, the
empirical evidence from the British study, "Early Call," (Haslam et al, 1977)
described in Chapter 1 was examined. Available performance data of various
types were amalgamated for each of the nine experimental (sleep deprivation)
dayvs of the study. Then, successively, a linear function, a power function,
an exponential function, and logarithmic function were fitted to the data points
according to a least squares criterion. Of these, the exponential funciion pro-
vided the best {fit (r = .977). Therefore, an exponential form was chosen for

the PDF.

This empirically derived function is:
i

- 3

(3-3) Ei . gl

where: . . - A
Ei = the projected effectiveness of performance on the i h day.

Compounding the Effectiveness Index (E)

t is evident that each value of E is calculated from a specific task im-
pact vector, i.e., E pertains to the performance of one specific task. Since
specific military tasks are normally performed by incumbents in particular
duty positions (DPs), each of several sets of such tasks can be identified with
one of various duty positions (see Tables 3.2 through 3.5). The effectiveness
of a given duty position, then, will be equivalent to the value of E compou.ded
across the corresponding set of tasks.

E for Platoon Actious

Analogously, B 1s calculated for a specific task occurring withia one
of the thiee types of defensive (platoon) actions. A compounding or averaging
for zhe tasks within the three defensive types of actions is of interest when the
type of defens1ive action is unspecified and only a general effectiveness projec-
tion is desired.

Because isolated, exiremely deviant cases (i.e., of degraded task per-
formance)}, should not undely influence averages and in keeping with widely used

eguipment reliability estimation praciice, the geomeiric mean was chosen as

i
[+ 1]
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the appropriate compounded indek.
of tasks or defensive (platoon) actions is

Rules for Complex Compoundings

When formula 3-%2
number of critical tasks perfo
ample, from ihe cr

rmed b

wersirengih

Hence,

the value of E over any given set
calculatéd as follows:

i=n L = )
— - n -
3-4) E={ 1 E.
{3 -4) (1 1 1) ) .

where: ’ - A

E = the geomeiric mean or cempounded \'aiue of the set

of E z
Ei = the vsalue of E for the 1 task (or defensive action)
n = the number of values o

{ E, being considered.

is applied to any gziven duty position, n equals the
by persons in
itical task list aﬂaearir;a' in the prior chapier, or from Ta-

that duty position. For-ex=

ble 3.2, the Gunner, Carrier Team Leader duty position of the ms’zci‘.ani}:eé in-
fantry subsumes 17 critical tasks. Therefore, In z,aicma‘mb OGP for tnis
duty position: .
i
i=17 17
= 3 17
E., - = n E.} .
G/CTL i=1 1
f more maclusive milifary :
les are necessary. This neces-
occur several %in;es with=~
st be established and de- -

d S: s 11 menofvarious DPs, for
-onsisting of one Squad Leader (SL), one

vver Team ?sie-uaérs
to be considered

(G;C' L), and four Mane:
, for exam; ?ee{z
four uimes in ¥aicai ing the compound the e
: mechanized

atire squad (-f}sq}- In

1ad the following rule was

3

= = = 3. %
E,, = (E E. 73 7.
Pl PL Jg .
54
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The higher level--general--rule being followed is to consider EDrIID

for multiples of DPs within ; the encompassing unit of reference (within
brackets), but to reserve ER for the number of types of values entering in-

to the compounding (outside brackets). This general rule is in keeping with
the considerations underlying the use of the geometric mean as the compoun&l-
ed index.

The specific applications of ti.. rule to mechanized infantry units were
presented in the preceding examples. For arwmor (tanks), the specific appli-
cation of the rule was one PL and three tacks (TK) manned by one Commander
(CDR), one Gunner (GR), and one Loader (LDR), or:

= = - = Y3
Epk* (ECDR EGR ELDR)

and

-(E. E_Y3*

TK Pt 'TPL TK

The assumption of an understrength -ondition governed thréughoﬁt all units in
correspondence with the established scenario. In the case of Flre Support
Teams (FIST), the application of the general rule producea:

3
Erym = Epo Brro’
and
= = 5 Y3
= {
EFIST 'EChf EFS NCO ETM )

Finally, in the case of artillery, the normal complement of six guns per bat-
tery was assumed to hcve been reduced to three, but each piece was regarded
as fully manned. Thus, for artillery, the application of the rule was:

o) B 1/3) y3
How SC GR CM

=

EHOW =

and

5. -(E. B. Ys)%
EBtry EXO How )

—~

The various and extensive arirays of values calculated in accordance
with the mathematical approaches described hereabove are voluminous. There-
fore, they are not reproduced within the present report. All calculated pro-
jections are found in the companion Guid ~*ines (Volume I _f the set).

A~ A ~rnate Approach--legression Analvsis

An alternate approach to the Impact Vecto: Model (IVM) and Progres-
sive Degradation Function (PDF), multiple linear regressmn can be used to
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develop these same projections. Initially the requirement for seemingly de-
batable assumptions and data transformations produced a hesitation tc depend
on this approack. However, comparisons of results obtained from both meth-

ods (IVM, PDF, and multiple regression) demonstrated an extremely high de~ -

gree of agreement between them (over all comparisons, r=.979).

Table 3.6 presents sample data from the mechanized infantry repre-
senting duty positions, squads, and platoons under all combinations of adverse
impacts. These values will be used toillustrate the regression approach. Five
levels of severity representing mission duration (24 hours thi‘ough 120 hours
or one to five days) are distinguished in the case of Fatigue (F) or sleep loss
as an impacting factor, whereas only two levels (0, 1) are distinguished in the
case of Diurnal Rhythm (D), Stress (S), and Light Level (L). The impacting
factors are arranged to be uncorrelated, i.e., non-overlapping. When this is
the case, the optimal regression weight for any predictor variable (impacting
adverse factor in the present application) remains unaffected by the weight de-
veloped for the other variables. Hence, the regression weight for each of four
predictors can be chosen as if the dependent measures (E_, ., ES s e e ey EPlt)
are to be predicted from it alone. This procedure is justified bylfhe" theory
of reduced variance regression (Darlington, 1978).

Although calculated profile. »>r a five day (120 hour) mission tended
to be weakly quadratic in nature, a linear regression model was chosen for
the predictive equations, Dawes and Corrigan (1974) have shown that lin-
ear models work well in practice and have cited reasons for these observa-
tions. Accordingly, the general form of the predictive equation is;

(3 -5) ES=a+le1 +b2x2 +b3x3 *rbth4

where: E

S the predicted performance effectiveness expressed
as a percentage

a = a constant
bl’ s e, b4 = the weights attached to the four predictors
Xy = Fatigue level
X, = Light level
X, = Stress level
X, = phase of diurnal rhythm.

Zero order correlations between the factors and performance e fec-
tiveness may be used to assess the relative importance of impacting factors

in debilitating the requisite abilities and, hence, degrading performance over
the 120 mission hours (5 days).

=
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Table 3.6

S}immarized Effectiveness (E) of Mechanized Infantry:

Duty Positions, Squads, and Platoons Under all
Combinations of Adverse Conditions

Impacting
Debilitating Factors Duty Position Infantry
F L § D PL SL  MIM GR Squad Platoon
2, 0 0 o0 93 85 94 92 92 95
26 0 O 1 89 .9 94 90 89 93
24 0 1 0 86 78 91 87 87 91
24 1 0 O 88 78 90 86 87 92
26 0 1 1 82 73 90 85 -85 88
24 1 0 1 85 73 89 83 84 90
24 1 1 0 82 71 87 81 82 88
24 1 1 1 78 66 86 79 80 85
48 0 0 0 72 56 81 73 73 81
48 0 O 1 69 53 81 71 71 79
48 0 1 0 67 52 78 69 70 17
48 1 0 ¢ 69 52 77 68 69 78
48 0 1 1 64 48 78 68 68 15
48 1 0 1 66 48 77 66 67 76
48 1 1 0 64 47 74 65 66 75
48 1 1 1 61 44 74 63 64 13
72 0 0 o0 57 37 70 57 58 69
72 0 O 1 54 35 70 56 57 67
72 O 1 0 53 34 69 54 55 66
72 1 0 0 54 34 68 53 55 67
72 0 1 1 51 32 67 53 54 65
72 1 0 1 52 32 66 52 54 65
72 1 1 0 50 31 65 50 52 63
72 1 1 1 48 29 64 49 51 62
% 0 0 © 44 Z5 60 45 47 59
6 0 0O 1 42 23 60 44 45 57
9% 0 1 0 4] 23 58 43 45 56
96 1 0 © 42 23 58 42 44 57
9% 0 1 1 3¢ 21 58 42 43 54
986 1 0 1 40 21 57 41 43 55
96 1 1 G 39 21 55 40 42 54
96 1 1 1 37 19 55 39 40 52
120 0 0 0O 34 16 52 36 37 49
120 Q@ O 1 33 15 51 35 36 49
120 0 1 0 32 15 50 34 36 48
120 1 0 0 33 15 49 34 35 48
120 O 1 1 31 14 50 33 34 47
120 1 0 1 31 14 49 33 34 47
120 1 1 0 30 14 47 32 34 46
120 1 1 1 29 13 47 31 32 45
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Table 3.7 indicates differences between correlation coefficients which
reflect the relative importance of the impacting factors for different duty po-
sitions, sqguads, and platoons. For all units of reference, the model implies
fatigue to be the most important factor in degrading performance. After the
fi1'st two or three days of continuous operations, the other impacting factors
are implied to play a4 small role and to contribute in a minor way to perform-
ance degradation. The regression model is designed so that fatigue carries a
zero (0) weight during the first 24 hours of continuous operations, a one (1) for
the next 24 hours, and so forth.

Table 3.7

Correlations Between Impacting Factors and Effectiveness for
Different Infantry Positions, the Squad and the Platoon

. Position Infantry
Impacting
Factor PL SI _MTM_ G/CTL  Squad _Platoon
Fatigue -98 -96 -99 -98 -98 -98
Light Level -07 -08 -12 ~-11 -09 -08
Stress -11 -08 -09 -08 -08 -10
Diurnal Rhythm -06 -06 -02 -04 -05 -06
Note: Decimals are omitted from tabled entries.
PL = Platoon Leader
SL = Squad Leader

MTM = Maneuver Team Member
G/CTL = Gunner/Carrier Team Leader

Optimally weighted equations for predicting the percentage of remain-
ing effectiveness (Ex 100) for the Platoou Leader (PL), Squad Leader (SL),
Gunner/Carrier Team Leader (G/CTL), Maneuver Team Member (MTM),
Squad (sq), and Platoon (Plt) are presented below. Since the six multiple cor-
relations ranged between R =.97 and R =.99, the linear fit is good.

i) = -12.4X_ - 2.75 - 4. - 2.45
EPL, = 100 lb.—l};l 7:)X2 4 15X3 2 4aX4
ESL ,=88.7 - 1;;.0h1 —3.40X2 —3.4:)}(3 -2.1:)X4
E =102 - 10.1X_ - 3. - 2.50X, - 0.
EMTM 10 10 D\l 4()X2 2.5 XS 0 50X4

=99.4 - 13.0}{1 - 4.00X2 - 3.00X3 - l.s'LOX4

Eg/eTL
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E = 99.5 - 12.7X1- 3.35X2 - 2.85X3 4
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E = 103 - 10.7X1‘ 2-35X9 - 3. 15X3 - 1.75X
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While the least squares regression model captured most of the vari-
ance in the performance measure produced by the IVM, other models might
also be considered. One alternative is to replace the coefficients developed
through the multiple regression technique with equal weights. Probably very
little loss in accuracy with respect to the original sample data would result
from this procedure. There are at least three reasons for considering equal
weighting: (1) the weighting issue is subsidiary to specifying the relevant im-
pacting factors (variables) for the model, which is primary; (2) while sampling
error is present in estimating regression weights, equal weights have no sam-
pling error; and (3) simulation techniques (Schmidt, 1971; Claudy, 1972)have
shown that equal weighting schemes perform quite well when compared with
optimal (least squares) regression weights. The model with equal weights
can be expected to be very robust for the general case, giving only a slightly
lower correlation with the operational criterion than the least squares esti-
mates of the regression coefficients (Einhorn & Hogarth, 1975; Wainer, 1976).

Whichever version of the regression approach is used--least squares
or equal weights--the approach provides an alternative to the IVM and PDF
approach. Certiainly either approach projects much the same picture of de-
gradation, and that picture is highly congruent with literature summaries
(e.g., with respect to sleep loss, Woodward & Nelson, 1974) and with spe-
cific empirical studies (e.g., Haslam et al, 1977).

The close agreement between the results obtained when using the IVM/
PDF model and theregression model provides support for the detailed deci -

mernt data presented in the Guidelines. Two different approaches agree close-
ly and, accordingly, evidence on convergent validity is on hand.
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CHAPTER IV

SIMULATION MODEL

During the course of the present work, it became apparent that no
computer simulation model is available for simulating the effects of contin-
uous operations on performance effectiveness. Such a model is required if
performance degradation effects are to be considered against the backdrop
of such factors as varying light level, terrain advantage, enemy/friendly
strength ratio, and the like. This chapter presents a simulation model
which was designed to simulate such effects in interaction with the perform-
ance degradation due to the effects of continuous operations. The psycholog-
ical condition of the troops is a primary variable in the model. This vari-
able is reflected in a representation called "stress."

The model is named "PERFECT" for PERFormance Effectiveness
of Combat Troops, since its objective is to process the detailed effective-
ness data presented in the Guidelines and to produce summarized effective-
ness predictive curves for specified numbers and types of Army combat units
during continuous operations. The approach permits an analystto make com-
puter runs under input parametric conditions which he selects, and to observe
the effect of these conditions on the general effectiveness levels of the com-
bat units involved. The model permits continuous operations to be simulated
over five day periods. It is highly flexible and is designed to run from a
small scale computer system terminal. For most applications, minimum in-
put requirements are involved. Use of the model requires little, if any, knowl-
edge of computer systems. Moreover, the model is designed to run quickly
and to provide output on line. This facilitates the performance of interactive
"experiments" in which a set of "what if'' questions may be answered.

Model Overview

The model as described here represents the concepts and specifica-
tions as they were developed at the initiation of computer programming of the
model. Following completion of programming and testing of the model, it
is planned to document a more current and detailed description of the model.
The results of a series of planned sensitivity test runs will also be reported
at that time.

A list of some of the major features of the PERFECT model is shown
in Table 4. 1. The simulation mcdel is based on a series of manipulations of
a four dimensional effectiveness matrix as a functiou of the composition of
the combat force, the mission (platoon action) sequence designated, and para-
meter input values. In general, effectiveness levels will degrade as a func-
tion of time but improve (increase) with sleep/rest (if sleep/rest is speci-
fied by the parameter inputs). Effectiveness also degrades with increasing
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stress level of the troops.

This level, in turn, is a function of light level
conditions, terrain advantage, squad proficiency level, enemy/friendly per-
sonnel strength ratio, friendly vulnerability, and enemy/friendly material

strength ratio. Effectiveness also improves {i.e., is restored) when pla-
tooning is specified to replace designated combat units.

Table 4. 1

Summary of Features of Simulation Model

® TUtilizes squad level effectiveness values presented in
Guidelines document

® Incorporates stress build up via battle conditions and
stress relief via sleep

® Flexible, understandable set of input parameters

® Programmable for computer terminal and graphic out-
put options

® Accomodates continuous operations durations up to five
days’

°

Optional platooning (replacement) at the squad level

® Extendable to offensive operations
Variety of output options selectable

Output of effectiveness profile by combat unit type and
by performance factor

In order to gain a perspective of the scope or "size" of the model, it
is helpful to observe the current values selected for the maximum value of
key variables. These are shown in Table 4.2. The model will initially han-
dle operations up to five days in length. It will consider a maximum of 16
duty positions and nine unit types (mechanized infantry, armor, etc.). The
PERFECT model will simulate the three platoon actions described in the
Guidelines on the basis of five summary factors. The model is designed so
that these liinits can be expanded later, if desired, to simulate offensive,

reconnaissance, and retrograde operations and additional duty positions, com-
bat unit types, factors, and platoon actions.
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Table 4.2

Principal Model Limits

Variable Maximum Current Value
Days 5
Duty Positions 16
Type of Combat Unit _ 9
Number of Units of Each Type ‘ 5
Factors 5
Platoon Actions 3

It is expected that the resultant model will allow an analyst, using a
computer terminal, to enter parameters, make any input data changes neces-
sary, implement a simulation run, and receive a report and plot of resuits
within a reasonable response time. This capability will make practical a
series of runs in which the selection of a subsequent run can be dependent
on the results of prior runs.

Three types of input data--parameters, mission data, and data ar-
rays--are required for the model. These are shown in Table 4. 3.

Parameters

The series of input parameters listed in Table 4.3 was selected to
make the model flexible, i.e., capable of simulating a wide range of inter-
esting continuous operations situations. These input parameters were also
selected so as to require no data collection or analysis by the user when he
performs simulation runs.

Mission Data

The mission data represent the sequential list of platoon actions
and corresponding durations for each unit type to be simulated over the con-
tinuous operation. Up to five units of each of nine types can be specified in
a run which simulates up to five days of continuous operation.

Arravs

Input data arrays are those matrices required as a basis for the mod-
el's calculations.
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Table 4.3

Input Data Summary

Data

Paraineters Requirement Code*

Proficiency/speed factor by unit type, UPF (ITYPE)
Enemy/friendly material strength ratio, EFM
Enemy/friendly personnel strength ratio, EFP
Enemy/friendly terrain advantage for each day, EFTA
Light level profile code { 1 of 9) for each day, L (IDAY)
Unit replacement conditions

Time of day that battle starts, HR

Output recording options, OUT

Hours since last sleep at battle start, HSLS
Preprocessing indicator, PRE

WuuunuLnrnnnuon

Mission Data

Platoon action and duration for each combat unit, each
day, PA(U,T), DUR (U, T) S

Data Arraxs

1. Factor numbers for each critical task by combat unit
type, FAC P
Effectiveness by platoon action, duty position, critical
task, and day, EFF (PA,DP,CT,D) P
3. Manning table, i.e., number of troops of each duty po-
sition by unit type, MEN (IDP) P
4. Light level value for each of nine {ype of day situa-
tions, LIGHT (H, L) P

2.

* Data Requirement Code:
S - for simulation
P - for preprocessing

B - for both
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Three of the four data arrays are stable and require no operator ac-
tion. Data array 1, factor assignment for each critical task, is given in Ap- -
pendix I to this chapter. Table 4.4 shows the assignment of each of the five
factors,

2 S The original factor derivation was based on a factor analysis of the :
various tasks. This factor analysis is described in Appendix II to this chap-

ter.
= Table 4. 4
Factors and Factor Task Assignment Valﬂes
) Factor .
Number
(F) Factor
1 Command and Control
2 Combat Activity
3 Coordination and Information Processing
4 Preservation of Forces and Regrouping . :
* Activity *
D Orientation to Friendly and Enemy Troops

The effectiveness matrix (data array 2) is a detailed list of projected §
effectiveness values for critical combat tasks given in the companion Guide-
lines and whose method of derivation is described in Chapter 111 of the pre-
sent volumea. The matrix ccnsists of detailed effectiveness values by unit
type and duty position for each critical task over a five day continuous oper-
ation. -

The assumption is that all effectiveness values are equal to one (no
degradation) at the start of tue batile. This is illustrated in Figure 4.1 for

o

Eo the mechanized infaniry unit, maneuver team member, critical task 1, and
4 - platoon actir 1. Data for a sixth mission day are calculated by linear ex-

: trapolation. This extrapolation is required due to the technique selected for
stress calculation.

) The manning table (data array 3) is shown in Table 4.5. Table 4.5

also shows the assignment of the nine unit types and the 16 duty positions.
The input values of the manning table, i.e., the number of men in each duty
position perunit typeto be simulated is shown as the nexi to the last column
of Table 4.3. If these data are not entered for a g’ -~n run, then the default
value listed in the default column will be used by < model,
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Figure 4.1. Example of "Effectiveness” curves (linear approximations are used in the model.)
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Light level input data and conditions are shown in Table 4.6. One Light
level profile number (2 - 9) is selected as input for each day of the simulated
mission. The light level profile input parameters identify one of the nine pre-
selected 24 hour sets of light conditions shown in Table 4.5(a). Each value
selected represents a type of day (weathei) to be simulated. The individual
values in Table 4.6 (a) represent hourly light level conditions whose meamngs»
are shown in Table 4.6. Table 4.6 is data input array 4. g

Platoon action codz assignments are shown in Table 4. 7. Initially,
only the codes for sleep (0) 2nd the platoon actions described in the compan-
ion Guidelines (platoon action 1 = repel on enemy assault from a battle posi-
tion, platoon action 2=create and defend a strong point, platoon action 3 = dis-
engage and occupy a new battle position) are »t-' —=d. The program is writ-
ten so as to provide for expansion of the nurr - _7 piatoon action types with
relative ease in the future. This will allow 1 or simulation of offensive and
other operations either individually or together with the currently available
platoon actions.

Other Input

Other required input to a simulation run are platoon action code as-
signment and enemy/{riendly terrain advantages.

Table 1. 8 was prepared to facilitate selecting the enemy/friendly ter-
rain advantage input value. Three elemenis were identified as significant in
terrain advantage: concealment, altitude advantage, and mobility. They are
assumed {0 have equal imporiance. Table 4.8 shows various conditions of
enemy, friendly, or no advantage and a corresponding value of the input para-
meter which can be selecied to represent each of the cases. The values of
enemy/’friendly ferrain advantage are used as multiplicative factors. The
range was selected so that there is a five to one swing from the equilibrium
condition to the case in which either side has complete advantage.

Model Processing Overview

Figure 1.2 presents a global view of the processing sequence. Note
that the rotal program includes a preprocessor calculation. Any given run
of the program can be a preprocessor only run (PPO), or a simulation only
run (SIA), or a preprocessor run plus a simulation {(PPS). This reduces
simulation time since the preprocessor portion nezed not be recalculated on
all runs. Table 4.3 also shows (for each input data category) which data
types are required for a preprocessor run, for each simulation run, or for
a combined run.




Unit
Type
ldeantifier
(1 TYPE)

Unit Type

Table 4.5

Manning Table Input

Duty Position

No. of Men

Number

iDP Name

- -~ Critical
Default Number Tasks
Vahie MEN (IDP;} ICT (DFP}

1

Mechanized In-
fantry Squad

Mechanized In-
fantry Platoon
Leadership

Tank Crew or

Armor Crew
Tank Platoon
Leadership

Tank Crew
Alternate

Fire Suppcert
Team (FIST)

FIRE Support
Team Leader-
ship

Artillery Section

Artillery Battery

Leadership

1 Gunuer/ Carrier
Team Leader
AManeuver Team
Member
Squad Leader

Platoon Leader

Tank Commander
Tank Gunner
Tank Loader

Tank Platoon
Leader

Tank Gunner
Tank Loader

1

1

Forward Observer

Radio/ Telephone
Operator

F1ST Chief
“IST NCO

Howiizer Section
Chief

155 mm Gunner
1535 mmm Crew
Alember

5
5

Artillery Baitery

Lxecutive Officer
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Table 4.7 °

Platoon Action Code A‘ssijnments

Platoon Action

Number Platoon Action
(PA) Description _Type

0 Sleep Sleep

s sy o BT e 19 .m*}"ﬁ

Repel an enemy assault Active defense
from a battle position

Create and defend a
strong point

Fre LA PSR AT LT R

g or

Disengage and occupy
a new battle position

g 1o

To be determined Offensive Oper-
ations

Reconnaissance Reconnaissanc >
Retrograde Retrograde

To be determined To be determined
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Table 4.8

Terrain Advantage Parameter Selection Guide

Enemy/ Friendly Number of Elements

Terrain Advantage

Parameter Value Enemy Friendly
(EFTA) Advantage _Equal Advantage
0.2 All 3 - -
0.4 Any 2 1 -
0.6 Any 2 - 1
0.8 Any 1 2 -
1.0 - All 3 -
1.0 Any 1 Any 1 Any 1
1,25 - Any 2 Any 1
1.667 Any 1 - Aoy 2
2.5 - Any 1 Any 2
5.0 - - All 3
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Figure 4.2. Ovarview of model flow logic.
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The Figure 4.2 flow chart also shows the principal modules of the mod-
el and the primary functions of each. A detailed flow logic chart of the model

is included as Appendix I1L

The Preprocessor Module

The preprocessor module completes four major stages. These stages
provide the basic data for the main simulation processing and reduces the cal-
culational complexity during that stage. Prior to these four steps of arithme-
tic processing, the preprocessor allows interactively for changes to be made in
This is accomplished via a menued sequence of choices and

the data arrays.
Reasonableness checks for inputs

questions presented by the preprocessor.
are also made.

Starting with the effectiveness matrix, the values for the end of each
day (IDAY) for each platoon action (PA), duty position (IDP), and critical task
(ICT), a smaller matrix is computed whose elements are the geometric mean
of the affectiveness values for each of the five factors, The result is a matrix

E2 (IDAY, PA, IDP, FAC) of the form:

DpP IDP =16

Factor PAl PA3 PA1 PA3
(FAC) | IDAY=1-5] ° IDAY=1-5 IDAY=1-5 IDAY=1-5

1

2

3

4

5

s

In stage 2, the mannirainput data (array 3) are applied to the matrix
resulting from stage 1 and a.'cther matrix E3 (IDAY, PA, FAC, ITYPE) is
calculated by averaging over all duty positions according to the equation;

MEN (IDP) . E2(IDAY, PA, IDP, FAC)
% MEN (IDP, ITYPE)

> E3 (IDAP, PA, FAC, ITYPE)

st b tovionifhsningicinly
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The resultant E3 (IDAY, PA, FAC, ITYPE) matrix has the following form:

o5 g i 1 DO 0 s

: Uni: Type 1 Unit Type 9
Factor PA1l PA3 PA1l PA3
(FAC) | mAv=1-5)---|mAy=-1-5} - - | may-1-5)° - |may-1-5
1
2
3
. 4
5

.
Ui

The third stage is the translation of matrix E3 (IDAY, PA, FAC, ITYPE)
into E4 (IDAY, PA, FAC, ITYPE) in which each element represents unit de-
gradation in effectiveness per hour for all values of IDAY, PA, FAC, and ITYPE
as follows:

it
T

wy

"

R L

IDAY~ Y -
E4 (IDAY, PA, FAC, ITYPE) = E3 (IDAY-1, PA, FAC, IT 'PE%I, E3 (IDAY, PA, FAC, ITYPE)

il

Both matrices E3 and E4 have the same format, yet E3 contains values of effec-
tiveness and E4 contains values of decreases in effectiveness per hour. During
the fourth and last stage of the preprocessing the data for day 6 are added to

T the E4 (IDAY, PA, FAC, ITYPE) matrix by linear extrapolation. Although the
simulation is limited to five days, data for day six are required to simulate con-
ditions of stress on day five.

e Ty

!
i

A

Note that preprocessing is required only when the manning table is
altered since is not expected that values of the original effectiveness table
or the factor table will change.

i
f

R

The mission load module consists of an extensive set of menued al-
ternatives which allows the analyst to identify parameter values in response
to simplified requests. Input values are verified for reasonableness.

)
.
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Main Processing Module

The main jrocessing module is generally repetitive in its processing,
' proceeding sequentially through the operation in time from the start to the end
4 - : of the data. The processing generally follows the same sequence for each unit
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in turn. The processing is based on the effectiveness data from the E4 ma-
trix and is recycled for each of the following sequential quartets of informa~
tion from the mission input:

Mission Data Element Element Symbolics
Unit Type ITYPE=10f9
Unit Number of This Type U=10of9
Platoon Action Number PA(D,U, T)=0109
Duration (hours) of the DUR (IDAY, U, ITYPE)-
Platoon Aciion 0 to 24

The mission input data consist of sets of thesc quartets representing
24 hour days (except the last day). Accordingly, the operation may be initiated
at any time of day or night (by parameter)and its duration specified by mission
data inputs. During the processing, the program calculates and keeps track
of the foliowing variables for each such quaitet;

¢ current value of effectiveness
current value of time (days and hours)

current value of the siress factor

a valuc of time change correspouding 1o that stress
condition, called "'stress time"

® length of time since last sleep

Current Value of Effectiveness

Thae current value of effectiveness is calculated as:
ECUR (IDAY, FAC,U, ITYPL) = ECUR(IDAY,FAC,U,ITYPE) - [%4(SD,PA,Fac, ITYPE)] [STIME (U, ITYPE)]

This indicates that the value of current effectiveness equals the prior value
less the product of the effectiveness degradation per hour for the current
stress day and the value of stress time. (See Appendix III).

Current Value of Time

The current value of time for the unit under consideration is obtained
by adding the curreni platoon aciion “uration to a running total of the unit's
priov time preset 1o zero at the stact of the continuous operation simulation.
Lengih of time since last sleep is handled similarly, but preset at the start

of tiie action fo the value of the "hours since sleep' parameter.
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Current Value of Stress

The current value of the stress factor depends on the parameters:
light factor (LIGHTF), eunemy/friendly personnel strength ration (EFP), i
enemy/ friendly material strength ration, (EFM), enemy/{riendly terrain ‘
advantage (EFTA), proficiency/sgeed factor of the combat unit (UPF), and
a variable called 'vulnerability" which is represented by {1 - Efficiency):

STRESSF (U, ITYPE) = [EFM.EFP-LIGHTF(IDAY).UPF(ITYPE)-EFTA]{1 - ECUR(IDAY,FAC,U,ITYPE)}

When this stress factor exceeds the nominal value (selected as unity) the
model takes account of this by effectively jumping the time ahead for the
affected combart unit to simulate troops having a lower efficiency value. The
amount of this jump is a function of the magnitude of the stress factor. It
varieslinearly from avalue of zero (for stress factor equalto one) up to a
maximum jump of 24 hours if the stress factor has a value of five or more.’
The value of this pseudo time variable is called "stress time' and the re-
sult is poorer (lower) effectiveness as a result of stress.

W

g

If a combat unit is scheduled for rest or sleep (i.e., if input PA data=
0 for a combat unit), then the processing includes the calculation of the fol-
lowing additional variables:

® hours of sleep deprivation, SLPDEP (U, T)

® number of hours sleep required for 100% recovery from
s _ 1 SLPDEP (U, T)
sleep deprivation, RECOVH= 0. 03494 In % 6949
DUR (U, T)
RECOVH

® percentage recovery time of this sleep, PERREC=

® percentage of normal function recovered by this sleep,

PERNORM : (PERREC)""
® number of effective hours decrease in stress time as a

ot result of this sleep, EFFECT = (PERNORM}{SLPDEP (U, T))

End of Day Effectiveness

Several data sets result from these calculations but the primary one
is the matrix E5 (FAC, IDAY, IUXNNO, ITYPE) whose elements are end of
day efiectiveness values for each day, factor, unit type, and unit. It is help-
ful to coucepiualize this matrix as being of the following form:
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Combat Unit Type 1 Combat .Unit Type 9 -

Factor IUNNO 1 Last U IUNNO 1 Last U
(FAC) IDAY 1-51 ° " ° JIDAY 1-5 IDAY 1-5|" " " |IDAY 1-5

1

2

&

Personnel Replacement

The replacement module is entered whenever, during the main proces-
sing module calculations, a condition is reached corresponding to a specified
unit, unit type, day, and time when the analyst has specified veplacement of
that unit 1n the original parameter input data. Entry into this matrix allows
appropriate adjustment of variables to represent the replacement (platooning)
of the selected unit by a fresh one, i.e., one for whom conditions (sleep de-
privation, effectiveness, etc.) are the same as for the simuiated personnel
at the start of the operation. The model presently allows up to 20 such unit
replacements during simulated continuous operations.

Output

The output module operates on the E5 (FAC, IDAY, IUNNO, ITYPE)
matrix after all mssion data have been completely processed by the main
processing module. Ifs principle operations are averaging E5 (F, D, G, T)
matrix values and providing either for listing these data on a line printer or
possibly pletting them. First, end of day effectiveness values are averaged
over all units of a given fype. This yields a matrix 86 (D, F, T) of the fol-
lowing form:

Factor Unit Type 1 Unit Type 9
(FAQ) IDAY 1...5 IDAY 1...5

1




e
lil U

TR

I
il

e

nldl[;;l‘"lﬂl ‘ yl“ wl"ll‘\ !

o0

[

v

ity A UL SRR S SOOI

Using the E6 (IDAY, FAC, ITYFE) matrix, the model generates two
additional but smaller tables for listing/ plotting, Tliese are E7 (IDAY, FAQ)
and E8 (IDAY, ITYPE) which show end of day effectiveness values by factors

and by combat unit type respectively. Figure 4.3 shows the matrix formats
and an idealized plot of these results.

Also reported as output are maximum values of the stress factor as
they occur during the simulation. The maximums are retained in storage
for 2ach unit type and are available in listed table form by the day after each
simulation run. The output table contains the following information about the
stress factor peak values: unit type number, day number, stress factor value
time of day, and unit number.

k4

Summary

The PERFECT model is expected to allowan analyst to make interac-
tive analyses of battle conditions as described. While operating at a comput-
er terminal or via the means of batch run requests, the analyst will have at
his disposal a number of key parameters for which he will be able to select
values for each simulation run request. He will then have at his disposal
a display of effectiveness and stress profiles which are predicted to result
from the input conditions over the simulated battle.
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DERIVATION OF FACTORS
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Derivation of _Faotors

The PERFECT model consolidates effectivenéss in accordance with-
five combat activity orieatéd factors. This appendix descmbes tﬁe methods o
and procedures employed to derive these factors. ) . -

By way of overv1ew the facters were derlved from five separate fac-
tors analyses of the critical tasks performed by mechanized mfantry, armor
artillery, and FIST units. The results of the four factor analyses were inte= S
grated to yield five factors which are descrlptwe of the critical J:as;;s per-
formed by each of the four-unit types. -

Critical Tasks and Critical Abilities . ; o

Volume I of this set (the Guidelines) identified the critical tgsks_ per-=
formed by each of the four unit types during the conduct of an active -defénse. 1
Table 1I. 1 summarizesthe number of eritical tasks by arms teamunit {ype and )
position.

Volume I also listed and defined the percepiual-motor, mental, and -~ ~}7._
social interactive abilities considered in the context of the present work to . )
affect human performance during continuous operatious. Table II. 2 lists and )
defines these abilities. ) ) R

Basis for Factor Analysis - , : s ,

Two humaa factors experts, who are familiar with the continuous oper-
ations concept, were given the four task lists and the set of 15 abilities. Each
expert was instructed to judge independently which abilities were essential to
perform each task in each list.

After making their independent judgments, the two experts met and
resolved differences. The result was four matrices (one matrix for each
type of unit) representing the involvement or noninvolvement of each ability
in each task. - )

Factor Analysis ’ - .

Each matrix was sepurately factor analyzed using the PA 1 optidn of-_
fered in the Statistical Package for Social Sciences. The analysis imade it ~
possible to separate the common variance of the tasks in each matrix into ~
a minimum number of uncorrelated portions representing the underlying fac-
tors. For each unrotated factor matrix, rotation to orthogonal simple siruc-
ture was performed in accordance with the varimax criterion. For rotation,

the number of factors was set at a minimum eigenvalue of 1,00,
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Nuriber of Critical Tasks by Unit Type/Position .

Unit Type Position -

Number of
Critical Tasks

Mechanized Infantry

Flatoon Leader

Sq¢uad Leader i

Mancuver Team Member

Carrier TM LDR/Weapons Operator
Vehicle Driver

Tank Platoon - (Total)

Tank Platcon Leader

Tank Commander

Tank Gunner

Tank Loader =
Tank Driver

FIST {Total)

FIST Chief

Forward Observer

Fire Support NCO

Radio Telephone Operator

Artillery Battery : (Total)

Battery Executive Oificer
Howitzer Section Chief
Gunner

Crew Member

{Total) -
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Dei‘mxtmr; of Each Ablhty Covsuiew‘n Durmg ?resent Worn

=

« -

Percepfhal-Motor Abiiitieé i

i, Visibx{‘—tﬁe' ability to defect visually objects and’ I:elé.tgon_s among”
’ objecis such as movement or relative distances.

2. Hearmg—-the ablhty to detéét significant sounds amid competmg
sounds - - _ .

- = "",a * -

3. Strength-~the ablhty to move ob jects usmg the body and llmbs i

4. Impulsion--the ability o react quickiy tolightand sognd by m.—m_mg
. rapid movements such as running and jumping - ;

5. Motor Speed--the ability to maintain a high personal t’e’mpcvj and -
_ perform accurately using arms, hands, and fingers '

8 Static Precision~-the ability to mainiain gcmd body balance and
" arm steadiness while aiming :

7. Dynamic -Precision--the ability io mamta*n body balance and
make accurate aiming movements wlnle the body is in motmn

Menta! Abilities

8. Numerical Facility--the ability to add, subtract, multiply, and-

divide (including when they are part of other operations such as
finding percentages)

9. Verbal Facility--the abﬂlty to use and understand the written and
spoken language

10; Memory--the ability to remember information such as woi'gis,
sounds, pictures, and procedures ’

11, Ox'iéntatéon- ~-the ability to orient in three-—dimensioﬁaf’spacg,

12. Reasoning--the ability to apply rules o problenis and to come up
with answers or decisions or {0 combine pieces of irformation to
form a rule or to produce a set of rules receasary =0 arran.a
thmgs or actions in dn order

13. Perceptual Speed--the ability to comparé letters, numbers, ob-

jects, pictures, or patterns, present or remembered, both quick-
ly and accurately . - T




|
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Table IL.2 (ccm;.')

Ry

Social Abilities

h

=

14, Social Cocrdination--the ability to coordinate activities with Bne
or miore niembers 6f-a group.or to give direction or orlentatlon
to one or more members.of a group

Vf‘ommumcat ion--the abxhty to*transxer required and/or relevant
information in proper depth-and scope at the proper timé:

e
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Enemy Forces. A sample of the tasks loading highly on each: facto“ is pre- 7

Mechanizéd 'szfaxiiry Solution - -

of the factors in the soiutzons conta:mng;more -than five factorSrhad so fev.;w
tasks inghiy loaded on them as to be umnterpretabie. i

For the mechanized mfantry, a five factor solution curnulau"ely ac- -

counted for 84.9% of the unro‘ated variance. The final’ rotated factor 1oadmgs
are presented as Table 1L3. The {actors were named: Command and Control
Activity, Combat Activity, Coordination and Information P"ocessmg, Pres
vation of Forces and Regroup.ng A(.trrlty,«and Gxientatmn to Friendly and

gentéd below in support of the iactor names selected

I, Command and Control Activity

a1

(12) Direct relocaticn or repositi‘oi:iing): S

(21) ‘Pian and fire effective positions .. ) LT -

- (22 Coordmate weapon‘ locations, -z ‘

k {34) Establish communication netwotk ' L.
(37) Establish routes to subsequent positions

- (41) Direct relocati:on }ue . -7 T -

- {43} Direct ‘move to assembly area - » >

(54) Direct mouated defenée .

(59) ’Aésign locatiens te SLs . N

X (fii) Assignri'ire zones“and targets - - -

"I, Combat Activity - / o c

{ 1) Fire from bounding vehicle  _-

( 2} Overwatch bounding vehicle <

( 3) Fire to-protect bounding vehzcle e - "

{18) Theck condition of weapons =~ - _ A =
(24} Ildentify TRP's - - o

£26) Fire on targets : . [

(28) * Fire with NVD's
(29) Move rapidly {o- new posn‘.mns via marised f'm}*es _

(35) Observe terrain for enemy presence s

- ~ E

LT




Table 1L 3

<

FACTOR 2

Loadmg of Each Task on Each Factor--Mechamzed Infantgx N

FACTOR 1 FACTOR 3
-0,18173 0,82797 0, 02421 o.isggg
0,15745 0,96017 =0,04099 ,-0.04292;
| =0,18502 0,79276 - 0,02363 015214
0,00751 0,91122 0,05719  0,18376
=0,45163 0,12297 =0,06704 o;oz&:og»’
ﬂlgso9o !gqug, T 0,48424 =0,44908 .
0,34007 0,37673 -0.23§§7 - =0,12702
0,17583 0,00045 _ -0,95824 ° 0,05017 — - =
B o,ooysg . 0,91122  0,05719  0,18376 -,
0,58115 «0,38077 -0.40921 " - 0331254
0,61474 - ,60!90 0,36683 0,21003
_0,59841 = 0.15266 _9. ,49624  «0,05355
T 0.46025 0,17697 0,46305 0.71607 -o,op 61 -
0,25489 0,59526  =0,19480 0,66118 «0:2613%
_ 0,53627 . "9.0373' _ _=0,45485  0,45103 °  -0,50221
0,00308 0,2076) 0,13653 0,71900 0,10639
0,17583 0,0004S- 0,9582%4 0,05017 »0,03614:
 =D,29480 _ 0,70535 _ 0,10677 __ 0,02879 - »0,44186
0,1574% 0,96017 -0,04099 =0,04292 “0.13546°
=0,18632 o 67991 0,15782 “04299C8 | 0,10862
0473835  «0,05143 -0351732 0.17360 0,28807
1 0,69576 = 541 - 0,30692 «0,40023  : 0,41984
0,18870 v, 47 =0,00282 <0473899 -0.3231&
0,00751 0, 1122 0:05719 0,18376 =0,17748
0,53627 0,03781 «0,45485 0.45103 - 0,5022%
«0,2§109 0,.82330 »0,09492 ©0,08016 - 0.,24980
0,06265 0524704 =0,23642 «051388t - 0,8000%
=0,21109 0,82330 ° «6,09492 =0,08016 - 0,24980
=0,16934 0,76438 0,01779% .  0,13642 ~ «0,14909
=-0,03014 0,8981t ~ "«0,06778 =0,06215 - 0,1356%
«0,01{98 0,67959 0,04699 0405096 0539501
. -04,21109 0,82330 *0,09492 =0,08016 - -0,24980
0.15745_ 0,96017 «0,04099 - «0,04292  0,13546
0,58008 =0,38759 = 0,05478  =0,04436 - T =0,20840
0,17526 0,82084  0,08832 0,09266 5'_ 0,4023%3
0,13557 0.,58689 - 0,07073 " 0,62997 - 0,04139:
0,60238 0.27654 0,37362 — 0.,51262 “0:28278 .
2,68257 0.09485 0,37694 0,49031 -0,17557
9  0,76916 o!;;g;p ___0,14030 - -0,11135 ‘-o.t;css
0,90107  «0,27648 0,04803 . 0.10817: " 0,29741 .
0,59298 -9,06228 0,44871 - 0,36341 ‘»0443472
,2,?2161 0,14309_____0,73094 ;0.40013 ‘320155 5o

J‘
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Table IL 3:{Cont).

T 0,90107

Loading of Each Task on Each Factor=-Mechanized Infantry

0,83983
0,86582
| 0,67494
0,82636
0,83983
_0,08201

0,19799 0,29279 0.28194 0.11177
0.39591  0,18043 0,16315  =0,12599
-o 35998 0,09390  0,07335  «0,48459
«0,44157 ~ 0,12200  «0,00888 0,03897
0.19799 0,29279 ~  0,298194 0,11177

0,71149 0,18715 __ =«0,04335 0,12188

0,3039%
0,00751

«0,27648 T 0,10817 0.29741
0,25557 0,31728 0.57869  =0,24232
0,91122 ~_ 0,05719 0,18376  «0,17748

- 0,17583
0,35756
.. 0,86582

o, o o

0,00045 1 0,95824 74.050!7f -Daﬂlﬁl“

=0,32754 . «0,35513 0,71377  «0,14574 .
0.39591 __ 0,18043 0,1631%  <0,12599

0,17583
0,69120
0445369
0,56791
0,58134%
0,49850

0,00045 0,95824 0,05017 =0,03614

«D,19793 0,13660 0435024 0,47900

0,35665 0,34603  0,59337 -3.23li§:

T =0,31106 ~ 0,23660 0,57%29 0,19583

~0,17246 0,42807  «0,19713 ~ ° 0,12566
0.57082  =0,01372 0,43247  0,0351%

“0,7C837
0,17583
~ 0,83983
T 0,77287
0,17583

.Q!SS!
T 0,53096
0,83983
0,89450
0, 53098
0,62816
0,90107
¢, 86582
0,77287
0,17583
0.74699

=0,56426  0,22142 0,20608°  =0,261i46
0,00045 0,95624 0,05017 =0,03614
0,17799 - 0,29279 0,28194 0.11177

T e0,38294 0,13998 0.3173¢ 0,0123%

0,00045% " 0,95824 0,05017 «0,03614

_ -0,08238 _=0,3913¢% _0,75238 _ 0,1993%

<0,38663 T 0,56275  =0,36372  <0,18429
0,19799 0,29279 0,28194 0,11177
«0,09680  =0,06899  <0,01452  0,06861
«0,38663 0,56275  «0,36372 . «0,18428
0,14510 0.46430  «0,11286  =0,11477
«0,27648 _ 0,04803  0,10817

0,39591 0.18043 0.16315
«0,38294 0,13993 0431734

0,00045 0,95824 0,05017  «0,03616

=0,13338 .14596 0,384214 «0,12139

L
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111, Coordination and Informatio;x -Erécessiég_ x

( 6) Coordinate firing with other.vehicies-and dismounted ,
‘elements - ; - e s T .
( 8) Communicate with PL . ) 7
(17) Report vehicle readiness to SL ~ i = :
{42) Make new range cards as needed . o S
(52) Check on support fire availability = _ - -
. % - = .. T
. (62) Communicate with company andjor artillery as.needed s
(75) Call indirect fire required for disengagement .
iVv. Preservation of Forces and Regrouping Activity A ,, £ -
{14) Cover disengaging squads : - -
i {16) Fire to protect regrouping : =
(23) Mark routes between possible locations ) .
(50} Conduct reconnaissance ) o
{33) Decide to engage unei::pected iire or not -
{537} Select positions for cover, concealment cbsén'ation, ’
and fire .
(66) Decide when (or if) to relocate -
V. Orientation to Friendly and Enemy Forces - . j
{ 7) Mainidin knowledge of squad’s location o
(13) Maintain concealed disengagement
} (27} Fire at areas - - ‘
Taak Crew {(Armor) Solution . : _sz
For tank crew tasks, the iive factor solution cumulztively accounted
§ ) for 77.9% of ihe unrotated variance. The final rotated factor loading of each
£ taskon each factor is presented inTable 1I. 4. The factor names selected were: 3
Decision Making and Planning. Coordination and Information Processing, 3
Preparation and Operation of Weapons, Command and Control Activity, and E
E Target Designation and Tracking. A sample of the tasks loading on each fac= E

tor is presented below in support of the factor names selected.

bl




Table IL. 4

Loading of Each Task-on Each.-Factor=-Armor.

101

FACTOR t FACTOR 2 FACTOR 3 FACTOR 4 FACTOR §
“h,37500 0.663:4 =0,40753 0.14787 «0,35372
0,37500 D.66384 “0,40753 0,14787 ~0,35372°
0.901472 0,11523 n,21744 0,048130 0,08915
U,90142 0,11523 0,21744 0,04130 0,08915
0,90142 0.11523 0,21744 0,04130 0,08915
0.90142 n,11523 0,21744 0,04130 0,08915
0.,90142 0,11523 0,21744 0,04130 0,08915%°
.0,15847 .0,83749 =0,31106 0,13396 «0,18229
~0,25589 0,57552 -0,15274 0,25865 - »0,1542% .
0.49307 0,48055 -0,16797 0,59072° «0,17655%
0,70507 =0,24320 0420646 0,22753 0,09911
0.81864 0,393aY -0,02224 =0,00270 ~0,06819
0,81864 0,39359 -0.02224 =0500270 - =0,06819"
0,04822 =0,05532 010762 0,77157 =0,09924
0,28619 -0,18801 o 10053 0,44861 0,78591
0,4165%8 «0,23549 «0,21513 0,30938 0,27265
0,37319 0,20327 “0,14201 0,58030 0,229489
1 ,49677 0,34467 0,30832 . _0.68296 0,09439
1,25472 T =0,01833 0,17434 =0,10265" 0,80847
0.07189 -0,08032 0,55217 0,02114 0,25780.
«0,33830 =0,45089 0,51181 «0,45007 0,36072
0,d1658 ~0,23544 -0,21513 0,309338 0,27265
0,18099 C.46265% “(,01207 0,72370 0,32582
0,65400 0,22997  «n,32566  0,49453 0,17062
0,25589 0,27889 0,12892 0,77458 -0.36517
0,59797 0.34947 «0,01561 0.51504 «0,03308
0,23673 0,83690 0,22261 0,36277 0,07156
0,23673 (0, B3650 0,22261 0,36277 0,07156
0.72294 0,3251% 0,36769 0,02529 0.31646
0,72115 0,10818 -0,15543 0,35493 =0,01095
0,23784 «0,025686 0,37300 0,65661 ~0,09629
0.,34757 . 0,76364° «0,35276 -0,02981%.- -o.xoesrg
0.61252 0,05387 0,2149s 0,36380 0,27836
0,45952 0,59636 -0,11285 0,16710 0,34926
0,57711 0,15781 -0,30673 0,3915%9 0,1€495
1,12640 «0,05593 0,17339 =0,27297 0,81769
0,0774% 0,68822 10,35481 0,48265 »0,19416 .
T w0,17903 7 «(,27938 ‘0439515 =0,54989° . ".0,61444
0,66937 - =0,41441 ~0,10027 0.41671 0,01927
-0,05784 0,61856 2,02811 0,43932 0,52971 -
0,06085 0,73711 -0,44893 =0,02060 0,09780
0,.36216 0,05774 0,12947 0,11905 0.87758
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Table 1l 4 (Cont.)

Loadmg of Each Task on Each*Factor--Armor )

R e

! a3 0,20761

' 44 0.30868 -
45 - en, {3759
46 -1, 1375%
47 1 ll7b31
48 . . 9.07631
49 0. 07631
50 v.50934
S) n,32981
52 0,53595%
53 0,47924
54 n,40720
55 0, h1693
56 -0,14416
57 0,39750
58 n”67e§t

0,01094 n,12761 -0,03066 0.85700
0,48588 0,03996 0,05580 =0,39831
_=0,17360  0,49218  «0,38241  0,27604
-0,17300 07q971s «0,38241 0,2760%
~0,10110 ELTY 0,09963 C.11972
 =0,10110 ___0,83864 0,09963 0,11972
«0,10110 o 83864 0,09963  0,11972
~0,23473 0.64879 -0, 1{867 «0,28306-
=-0,58096 0,35403 0,25533 ~0,01191  _

0.21516 =-0,09333 007713 «0,55640-

« 05441 0,32152 =0,18165 =0.05519

..o 2000R7 ~ 0,79329  0,0723%1 0131917
0, 13090 0,60388 0,17626 20,0000
0,19377 0,26294 0,73031% 0,02022
-0,59415 0,33267 __ 0.32616. _ =0,03660 -
-0,10110 0,43364 0,09963 0, 11972
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1. Decision Making and Planning

( 3)
(4
( 5)
(10)
(11)
. (16)
(22)
(26)
(30)
(52)
(53)

Select firing position for tanks

Select observation posts

Select routes

Supervise defensive preparations

Inspect for readiness

Determine when to commerice éngagement
Decide when {or if) to relm:‘ate

Issue spot reports

Plan fire conirol measures

Conduct communication operation checks.

Set head space and timing on 50 CAL MG

II. Coordination and Information Processing

(28)
_ (32)
(37)
(40)

Coordinate with ARTY FO (Fire Planning)

} Coordinate with gunner;driver

Report enemy sightings
Issue crew fire commands

Control driver actions when moving

1II. Preparation and Operation of Weapons

; (21)

' (45)
(46)
(47)
(48)
(50)
(54)
(58)

Fire 50 CAL MG

Fire main gun

Fire COAX MG

Load COAX MG

Load 50 CAL MG

Load selected rounds
Operate breach mechanism

Unload nonoperational main gun rounds

103

§
i

: (2)
¥ ' ( 8) Communicate positioning of tanks to the tank CDRS
: ( 9) Operate intercom/radio
(27)

Ay
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IV. Command and Control Activity ’ ‘ s R :

(14) Prepare PLT fire plan

(18) Control employment of coordinated PLT tank fire
(23) Control formatiqns on the move

(25) 1Issue fragmentary orders

(31) Escor. PL or TM CDR during inspection

(56) Advise gunner when COAX and main gun can fire

V. Target Designation and Tracking

(15) Acquire targets
(19) Operate laser range finder

(43) Track targets

Fire Support, Team (FIST) Solution

For the FIST, the five factor solution cumulatively accounted for

89.9% of the unrotated variance. The final rotated factor loadings are pre= .

sented as Table II.5. The factors were named: Fire Control, Fire Planning
and Allocation, Orientation to Friendly and Enemy Troops, Information Re=
lay and Processing, and Target Data Acquisition. A sample cf the tasks

loading on each factor is presented below in support of the factor names
selected.

I. Fire Control

(10) Adjust corrective fire
(11) Engage targets of opportunity
(13) Determine when to request end of mission

(14)
(15)

(16) | Adjust ICM, counterfire, suppression, TACAIR,

(20) § nelicopters, Naval guns, etc.
(22)
(23)

(32) Coordinate with FIST chief
(34) Coordinate with FDC

(39) Acquire targets

(54) Adjust multiple missions

(55) Report target engagement results

1
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Table IL:5- -

Loading of Each Task on Each Factor==FIST

FACTOR % FACTbR 2 FACTOR 3 FACTIOR 4  FACTOR®'5
0.27810 0,66096 0,09684  0,47290. 0, 15%19
0,24158 0,9149¢ 0,37951 . 0,19767  ~0,09824 -
0.24158 0,91496 0,17951 . 0,19767 «0,09824
0,2415¢’ 0,91496 0,17951 0,19767 0509824
0,28136 0,27247 0,90482 0,02240 0.15214.
0.26722 0,62168 0,49017 0,09019 0,00468:

-(,02029 -0,14454  0,32349 __ 0,01500 0,79146
0,19538 0,15167 0,81585°  .0,19913 0,2218)
0,19538 - 0,15167 6.81585 0,19913 - 0,2218%
G,89013 0,20320 0;28648 “ngﬁo4s : 0,03547_
6,89013 0,20320 0,26848 0,25045 0,03547
0,46554 -0,00472 0,79331 0,18510 0.,01285

(0466032  =0,21297 a .55321  =0,07370  ~0,30403
0,92%6 0,10663 (6400 -0,03796 0.16248
0,9296¢ U,10663 o L6400 =0,03796 0,16248~
0,92966 ¢ o f10663  0,06400 ~0,03796 0,16248
v,23989 «54542 0,52736 0,35075 “0,07016
0,45390 o £2339 D 036565 0,08678 -0,03393
0,2245% _ 0,BJ681  0,08623 _ 0,05543  =0,48240
0,81891 0,43943 0,16673 0,13637 -0,05208
0,89053 1420320 0,2¢848 0.25045 0,03547

_h, 81851 ___‘o 43943 0,16873,_  0,13637  =0,01208.
1,814%1 .43943 0,16873 0,313637 “GoN120E
0.59321 o 66975 n «73973 -0,03233 0,12191
N,BIR9Y _ 0,43%43  0,16873_  0,13637  «0,01208
¢.81891 5,83943 16873 0,13637 -0,01208
0,79500 0,12481% o .07105 0.37804 0,23969

0472136 ‘9.33201__ﬂ_~n 26949 . 0,24024_  _ 0,06282
v,04%62 30050 0,08727 0,75351  «0,27011
0,06&41 39515 6,16245 0,81902 0,23875
U,2776R ,n Oﬁ?bﬁ 0,08837  0,92201 0,06802
0,81891 0,43943 0,16873 "0,13637 7 T~0,01208
0,R1891 0,43943 0.16873 0,13637 «G,01208

3. e b,218OY 243383 N 16873 _ 0,13637  =0(,01208
1,3026% o 16564 0,71717 -0, 29640 0.30618%
~U,U16HRY =), 20508 r 31447 0,16864 6.59746-
"gif‘Sb, _ ﬁ 27247 0,904R2 9.92%99"_mm~0o152iﬁs
e 28136 27247 n ,914482 0,02240 G,15214
Me.02416 -u 43R48 © N ,0N4836 0,08397 0,52153
0,51292 ), 0195 n.§1a75 «0,27247 0,60984 .
N,30724 0,11262 £,52816° «0,16292 6,59400
H,Y013 0,70320 1,24B848 0,25045 U eN3547
9,59321 0,23973 -0,03233 0.12191

N ,08975




Table I:5«{Cont. )

Loadmg of Bach Task.on Each Factor-*-FIST

T

=0,19363 .

~=-0,12906

©1.80792 - 1936 0,16716 iz
u,89013 0520320 0.78348 0,25045

9489013 020329 ~ 0,28848 __ 0,25085 _
0,89013 0,20329 0,28848 0425045
9,89013. 0,20329 0 26848 0425045
9;89913___v_9,20320 228848 0,25045
0,89013 0,20329 —9 28848 0,25045
0,89013 0,2032¢ 26848 0.25045
0,68281 0,46163 0 o 35925 0.08533
0.89013 0,20320 0,28848.. 0,25045
0,89013 0,20320 0,28846 "0,25045

. 0,89%013 _"ﬂfoxgpgggf;h 0,28848  0,25085

v, 38246 0,25342 ~0,12325 0480728 -
V,27768 D,06265 0,08837 0,92201

..0,27768 _ 0,06265 _ _0,08837 0.92201 -
7,28074 ,.97151 ~0,02058 0.84067

i1,




T

(1
(3
(4
( 6)
(17)
(18)

1i. Wire Pla.nning_anc’i Allocation

Receive orders and plans from-TM-CDR -
Coordinate with Pl's

Coordinate with FSO . )
Plan WPN SYS, round, FUZE; *etc. , for each target

Approve FO calls for fire

Redirect FO calls for fire

III. Orientation to Friendly and Enemy Troops

(5
(8

(9.

(12)

Select observation posts
Orient for direction ~
Determine exact position on the ground

Adjust CLGP (laser)

1V. Information Relay and Processing

(29)
(31)
(57)
(59)

Relay calls for fire
Receive plans and orders from PL
Receive plans and orders from FIST chief

Operate field telephone

V. Target Data Acquisition -

(7D
(40)
(41)

Qperate laser locator-designator
Determine range of target

Determine direction of target

Artillery Solution

For the artillery, the five factor solution cumrilatively accounted for
83. 1% of the unrotated variance. The final rotated loading of each task on
each factor is presented as Table 1I.6. The factors were named; Orienta-
tion and Preparation, Command and Fire Control, Quality Assurance, Com-
munication and Ammunition Logistics, and Safety and Precautionary Meas-
ures. A sample of the task loading on each factor is presented below in
support of the factor names selected,

107
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Table I1. 6

Loading of Each Task.on Each Factp;i~A}‘tﬂ1ery
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FACTOR 1  FACTOR 2 FACTOR 3 FACTOR 4  FACTOR 5
-0,02327 0,69952 0,43§32 «0;31440° 0432615

0.33392 0.,78870 -0, 18273 =) 444552 0,0048%

-0,393975 _0,59952 r,19056_ _ ~0,10287 C.24682

-0,02327 6,69952 0,43832 -0,31440 0,32615

-0,2174R 0,31392 0,76329 0,04523 0,0073%1

~0,15999 0,73385 6,02159 =0,40115 =0,17227

0,13921 0,03669 0,35553 0,21748 - ° 0,81533

0.17817 0,15980 0,76953 0,18954 0,09100

0,59553 0,56120 0,21385 =0,05302 - 0,22291

0,13456 U,33751 7,04438 ~),09347 - 0.73184

0,61049 0,19050 0,04303 0,00377 0.67166
=0,13214 _ 0,55105  (0,12F61 0.27647 _ 0,61731

0,42162 0,77233 7,13400 ~ =0,00560" 0.23160

=0.43120 0,72929 «0.25075 0.04193 0417794

. 0,34162  0,77233  ©,13400 = =0,0G0560 0,23160
GL.h4945 0,31361 ,45703 -0,02417 () 405267

-0,02327 4,699572 0,43832 -0,31440 0,32615

a . 0,95695  0,02627 0,07120 0,22739 0,07004

19 0,95695 0,02827 0,07120 = 0,22739° 0,07004
20 0,95695 0,02827 0,07120 0,22739 0,07004
21 03?§§95 DGN2827  0,07120 0,22739  _ 0,07004
22 0,91476 0,11613 0,720752  «0,04470 0,17515
23 0,911476 0,11613 u 20752 «~0,0447¢C 0.17518
7% o 77133 «0,00526  «C,07280  0,05997_ _ 0,45824
25 0.95595 n,02827 B u 07120 ,22739 - 0.07064
26 0,95695 0.02827 n,97120 0,22739 €.07004
21 _0,95695. - 0,02827 __ 0,07120 - 0,22739_ 0,07004
28 T0,95695 ": 02827~ T0,07120 0.22739  0,07004
29 C.83536 0,01278 ﬁ.t4947 0.31355 «0,28710
3)_ L 0.95%95  0,02827  0,07120_ - 0,22739  0.07904
31 6,55629 0,24126 n .45310 =0,12804 . 0,48764
32 0,1€437 . 0,00250 0,83205 =~0,02110 0,42619_
33 - 0.35650 _ 0,04686 ____q 73691  _ 0,00980  0,27050
3a T0,70274 G.26719 .08850 -~0,45941  0G,18350
35 0,24R46 -(,13077 -o 04925 0,69237 0,43637
3. 0,44164 _ -0,15336  0,16245  0,47860 0 02696
37 U.46928 -0.23?57 Tl , 003230 0 73790 =0,09772
38 6,59305 12267 ~01,08253 0.58511 0429526
39 . _0.,u08833 :-9916414’m_ n,03450 __ 0,€5648 __ 0,05829
K T0,10748 n,55499 0.23592 7 e0,07797  =0,4R121
41 ¢,47169 =0,15479 0,20027 0,67685% -=0, 335314
a2 0421108 0,03224  0,96363  0,10186_ =0.12509
43 0,21108 "0,03224 0.,90363 . 0.,30187. «0,12509
44 - 062829 ~0,08131 0,29194 0,55984 =0,35992
45 0,62829 0,08131 0,29194 0.55984 «0,35992
46 0,08833 -0,16414 1,03450 0,65648 0.05829
47 0, R0657 0,310610 6,30167 0,03470 = =0,19693
44 04,3245¢ G,10205 ,19039 0,32132 0.13850
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1. Orientation and Preparation

( 9) Lay the weapon
(16) Determine pieze to crest range

(20) Lay cannon on initialj direction of fire with distant aiffhing‘,
point -

(23) Verify direction of fire with reciprotal check as adjacent _
piece .

(26) Boresight the panoramic telescope with a distan{ aiming
point,

(30) Refer the piece
{31) Crient a map with a compass
(34) Locate a point on a map using the grid reference system

(38) Emplace/recover aiming posts

Command and Fire Control

( 1) Supervise battery when it occupies a firing ﬁosition
( 4) Control fire of the battery

( 6) Insure ammunition is distributed IAW anticipated needs
of FDC

(13) Order azimuths marked
(14) Order the prefire checks performed
(15) Measure =nd repcrt site to the crest

(17) Supervise section during firing

Quality Assurance

( 5) Insure sections store, segregate, and protect ammunition
( 8) Insure weapon is ready for action

(33) Determine present location by terrain association

(42) Recognize ammo types by color coding

(43) Identify fuzes and fuze wrenches by type

Communication and Ammunition Logistics

(35) Lay communication wire to FDC

(36) Connect wire to telepost terminal on vehicle
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(39) Store ammunition at a cannon position
(41) Preparé ammunition for firing

(46) Prepare propellant charge

V. Safety and Precautionary Measu‘res: . ’ 7 "

( 7) Insure weapon is preperly emplaced
( 105 Select aiming points for gunner g
(11) Sight to the crest 3

(12) Grder when to };oresight

Consolidation of Factors

The 20 factors (4 solutions x 5 factors) were exammed for logical com-
monality. Five factor groups seemed to be involved and two factors (Deci~
sion Making and Planning, Quality Assurance) remained somewhat :mdepend- -
ent. The grouping is shown in Table II, 7 along with the generic name asmgned

Command and Centrol. The five generic groups are the five factors inchided
and assessed in the PERFECT model.

110 . ) R

to each group. Decision Making and Planning was subsequently included in . -
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APPENDIX 1

‘
#

DETAILED MODEL FLOW CHART
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Note: In this model flow chart, the following variable namcs have been
simplified for each of presentation:

Variable Actual
Meaning Name Used ’ Foriran Name
Factor F -FAC
Effectiveness § ] EFF -~
Day D IDAY
Duty Position DP 1IDP -
Critical Task CT ICT
Unit Type T ITYPE L.
Unit Number U IUNNO
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